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PREFACE 


This text is published in response to requests from students to 
put in book form the material presented to them in their course 
of electrotherapy. The subject matter is essentially that which 
has been taught for the past sixteen years to classes for physi- 
cians, medical students, and technicians at Northwestern Uni- 
versity Medical School. 

This text is intended to provide a sound physical and physio- 
logical rationale for the technic and application of electrotherapy 
and not to replace the clirucal textbooks now available. It is the 
hope of the authors that this book will be used to supplement 
those texts which emphasize the dinical aspect of electrotherapy. 

The subject matter is divided into four parts: 

A. Tke eSects and technical application oj direct ct/rrent, in 
two sections: (1) deals with the fundamental principles and 
is presented in the form of laboratory experiments which 
may be performed by the students or demonstrated by the 
instructor; (2) presents the technic of application. 

B. Electrical muscle stimulation, in three sections: (1) deals 
with the underlying prindples of electropbysiology; (2) dis- 
cusses the various types of apparatus in use; (3) teaches 
the technical application of the various currents studied and 
presents for the first time a technic for the stimulation of the 
vocal cords. 

C. Radiation, ia three sections; (1) fundamental physics; (2) 
physics and technic of application of thermogenic, or heat 
producing, radiation; (3) physics and technic of applica- 
tion of ultraviolet radiation, 

D. High frequency currents, in six sections; (1) alternating 
current drcuit theory; (2) high frequency current theory; 
(3) technic of local application of high frequency currents 
and fields; (4) effects of hi^ frequency fields; (S) artificial 
fever and its technic of application; (6) physiology of artifi- 
cial fever. 



VI TECHNIC OF ElECTSOTIIERAPY 

Throughout the book an attempt has been made to clarify the 
gjjfsting and somewhat confused nomenclature of electrotherapy 
\yp have suggested, for example, the use of the term direct current 
jjj place of galvanism, the term tetanizing current m place of 
fa,adic current, and thermogenic radiation in place of deep 

therapy 

Instructive elementary laboratory experiments, requiring^ a 
ujjmmum of simple apparatus, are given for the students to per 
{Q<m The importance of a written prescription for electrotherapy 
jg stressed, and a sample prescription is given with each apphca 
tj^^n discussed 

The work has been written with two distinct groups of students 
jn mind first, those students who are well grounded in science 
and who desire a thorough and comprehensive training in the 
fundamentals of electrotherapy, for whom the more advanced 
in physics and mathematics appears in the form of foot 
notes, 'second, those students whose training m science is limited 
and hence who might find the subject matter in the footnotes 
difficult to follow For the latter group of students the technical 
mjjterial m the footnotes may be eliminated without in any way 
interfering with the clarity or continuity of the text 

We have attempted to replace empiricism with rationalization 
It IS our conviction, based on our teaching experience over the 
pa^t twenty years, that rationalization is the best pedagogic 
method and is the only sound basis for progress m the field of 
pj^ysical medicine Even though certain theories presented m the 
may need to be modified as the result of the discovery of new 
fa<;ts m the next few years, the history of science shows that theo 
jetjcal rationalization, right or wrong, serves to stimulate prog 
res^ 

;fhysical medicine — of which electrotherapy is an important 
— IS an accepted field in mediane, and as such it should be 
presented scientificahy so thalit be accorded the recognition which 
jj jpents Physical medicine, as its name implies, is the diagnostic 
therapeutic application of physical agencies Physics, chem 
jgtj'y, physiology, and anatomy — all are involved in the study 
application of physical mediane Hence, the scientific prep 
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aration of the men in this field should be as thorough and com- 
prehensive as that of men in any other field of medicine. 

Therefore, we have attempted to present the subject matter of 
this book in a manner whidi we hope will aid to establish the 
scientific vievN^point, which we believe is so necessary for the 
rational development of electrotherapy. 

We wish to express our thanks to those who have given us 
valuable suggestions regarding the preparation of this book. 
May 1, 1944 S. L. Osborne 

Chicago, Illinois H J. HoL^IQl;EST 



FOREWORD 


PtjBLiCATiov of this book could hardly have been more timely 
had It been possible for the authors, years ago, to predetermine 
the exact moment at which progress m their research and study 
would justify a comprehensive text Here is a scholarly discus 
Sion of the basic physics and physiology of electrotherapy, com 
bined with a clear outline of the proper technique of application 
It IS a source book on the how and why, as well as the what, 
of a branch of medical science brought into greater prominence 
by wartime problems 

After World War I, electrotherapy received great impetus in 
the field of rehabilitation There came a period of great expansion 
both in the design and manufacture and in the use of electro 
therapeutic apparatus Unfortunately, there was also an expan 
Sion m claims — many of which were not supported by adequate 
evidence Logically, then, at the annual meeting of the American 
Medical Association m May, 1925, Dr Joseph F Smith of Wis 
consm, who realized with many others of the profession the 
potentialities of scientific physical medicine brought a resolution 
before the House of Delegates urging the Board of Trustees to 
establish a Council on Physical Medicine The resolution was 
adopted and the Board of Trustees, at the meeting the following 
September, created the Council It consisted ongmally of mne 
men selected from the ranks of chemists, physicists pathologists 
physiologists, radiologists, and clinicians Later the membership 
was increased to twelve Since its establishment, the Council has 
exerted a tremendous influence m furthering the development of 
effective apparatus and in encouraging its intelligent use by the 
profession 

The field of rehabilitation consequent to World War II indi 
cates ever greater need for the rational application of electro 
therapeutics, and this, m turn, emphasizes the necessity for spe 
cially trained personnel — ^physicians to prescribe and technicians 
to perform 
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In the words of Dr. Eben J. Carey, Marquette University 
School of Medicine, “The present national emergency is a chal- 
lenge to each of us to see that physical therapy is no longer 
neglected in our medical curriculum for undergraduate medical 
students ” 

Increasing numbers of medical schools are including in the 
undergraduate curriculum a required course in physical medicine 
In addition to such a course, students at Northwestern University 
Medical School are given instruction in the physiologic effects of 
electricity and other physical agents as a part of their courses in 
physiology. Furthermore, this institution, recognizing the im- 
portance of sound training in physical medicine, long ago in- 
stituted courses of study leading to graduate degrees for properly 
qualified students. 

For all such courses, this book will serve as an excellent text. 
And of equal importance is its value to the practicing physician 
and to the technician as a reference work as well as a guide to 
the correct administration of physical therapy. 

Dr. Osborne has for many years been engaged not only in the 
clinical application of electrotherapy, but also in research to 
determine its rationale. He has published numerous papers on 
the clinical uses of electrotherapy and its basic physiologic effects 
For the past ten years he has worked with Dr. A. C, Ivy, Chair- 
man and Professor of the Physiology Department of North- 
western University Medical School, in this field In addition to his 
clinical and basic research in electrotherapy. Dr. Osborne is ac- 
tively engaged in teaching undergraduate students, technidans, 
and graduate students. 

Mr. Holmquest was for several years an instructor in physics 
and electrical engineering at Lewis Institute, Chicago In teaching 
physics to pre-medical students at this institution, be came to 
appreciate the necessity of so presenting physical knowledge that 
pre-medical students would realize its importance as a funda- 
mental to their chosen profession Subsequently, he became the 
executive secretary of the Council on Physical Medicine of the 
American Medical Association, which position he held from the 
time of its establishment in 1926 until 1930 Here he had ample 



opportunity to examine the phj^ical claims made for electro- 
therapy apparatus, and to supervise the evaluation of the clinical 
results obtainable with such devices. It was during this period 
that Mr. Holmquest became associated with Northwestern Uni- 
versity Medical School in the capacity of lecturer in applied 
physics in the Department of Physical Jfedicine. In addition to 
lecturing on the physical a^cts of electrotherapy, he is called 
upon by several departments of the medical school as a consul- 
tant physicist and engineer in various research problems. Since 
1930, Mr. Holmquest has been a research engineer for the Gen- 
eral Electric X-Ray Corporation. 

It is the combination of physiologist thoroughly trained in 
physical therapy technique with physicist who has devoted him- 
self to the study of medical physics that has made possible the 
production of such a book as this. 

The authors realize that they cannot write "Finis" at the end 
of their present work. They are already planning new research, 
for they are in agreement that the study of this subject must con- 
tinue indefinitely. It must be realized that both basic and clinical 
research are necessary to the continued advance of electro- 
therapy. In these pages are provided new points of departure for 
the carefully charted progress of the future, as well as the fund 
of useful knowledge essential to the practicing physician and the 
physical therapy technician’s thorough understanding of the ra- 
tionale of electrotherapy. It is indeed a book of fundamental 
worth. 

John Stanley Coulter 
Professor and Chairman 
Department of Physical Medicine 
"/ V ' ' Northwestern University Medical School 

Chicago, Illinois 
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I Definition of Direct Current The flow of an electric 
current may be unidirectional or alternating A Direct or Galvanic 
Current, as employed in medicine, is a unidirectional continuous 
current The applications discussed m this section require that the 
current be constant in intensity Other terms used to designate 
this current m the field of medicine are continuous, constant, 
unidirectional, and such inaccurate, misleading terms as “cur 
rent of low tension ” In the interest of uniformity of nomenclature 
and accuracy of definition, it is highly desirable that the term 
direct current be adopted to conform with internationally accepted 
electrical nomenclature Hereafter in this discussion the term 
direct current shall be used to describe the current having the 
characteristics of the so-called galvanic current 


3 



4 TtCIINIC OF ttECTROTHERAPy 

The direct current, when passed through an electrolyte, presents 
positive and negative polarity efiects The reactions found at the 
positive pole are different from those at the negative pole, in 
fact, they are diametrically opposed It is necessary, therefore, 
to consider the direct current ns providing two distinct therapeutic 
agents: 

1. Positive direct current 

2. Negative direct current, 

II. Sources of the Direct Current. 

A Chemical 
1. Batteries 
a Wet cells 
b. “B” batteries 

B. Mechanical Motor»generator set. A small motor is used to 
run a small generator which supplies current for the patient The 



Fig 1 Schematic repiesentation of the type of direct current obtained from 
various sources (.4) battery, (B) electronic rectifier with filter, (C) motor 
generator 

current is collected from a commutator and will, therefore, not 
be as “smooth’' as a battery current It may, however, be made 
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practically ripple free by means of a suitable electrical filter 
C Electronic An alternating current may be rectified by 
means of a rectifying tube, which converts it into a unidirectional 
current It is then made as “smooth” as possible by means of a 
suitable filter With an adequate filter, the resultant current will 
be for all practical purposes as smooth and ripple free as the 
current from a batterj 

III Essential Elements op a Generator All satisfactory 
generators must be equipped with certain fundamental mecha 
nisms or devices to insure their satisfactory clinical operation 
The following meters, switches, and controls must be provided 

1 A Ulilliammcter This meter indicates the current m milli 
amperes received by the patient The meter should have two 
current ranges one a high scale — from 0 to at least 100 ma , and 
the other a low scale — from 0 to 20 ma or less, depending upon 
current range emplo>ed By means of a switch, either meter scale 
may be selected 

2 A Line Switch to control the current flow from the house line 

to the machine • 

3 A Polarity Switch By use of this switch the polanty of the 
terminals, and consequently that of the electrodes, can be changed 
at will 

4 An Intensity Regulator The regulator may be a potenti 
ometer or an arrangement of resistances to control current flow 
to the patient ^Vhen the intensity regulator is at zero, no current 
should be flowing m the patient arcuit As the intensity regulator 
is moved m the direction of “increase,” current flow in the patient 
circuit is mcreased Current intensity should never be increased 
or decreased abruptly 

5 Patient’s Terminals One terminal will be positive and the 
other negative The polarity switch indicates the polarity of the 
respective terminals 

IV Experiments The therapeutic application of positive or 
negative direct current is based on the effects produced by the 




FiC 2 Modem direct current generator of the electronic rectifying type (1) 
line switch, (2) intensity regulator, (3) pabents tenJim^s (4) polanty 
switch which permits the polarity of the electrodes to be reversed without 
disturbing the conneebons to them, (5) miUiammcter 10 indicate current to 
patient having two current ranges 0 to 20 ma and 0 tu 200 ma. with aero 
point at the center of the scale permitting defleebon in either direction (6) 
switch for changing the current range of the milliammeter 

possible, and the findings carefully recorded The knowledge 
which IS obtained from these experiments will serve as a guide 
in the intelligent cluneal application of positive and negative 
direct currents 

Some generators of direct current are equipped with a volt 
meter For clinical application this is not essential but in these 
experiments a voltmeter is required for making certain measure 
ments Unless the generator used in these expennients is equipped 
with a voltmeter, a portable meter must be provided 


EXPERIMENT I— WATER ELECTROLYSIS 


Object: 

To demonstrate the effects of direct current passing through 
water. 

Theory: 

An electric current can be conducted through water only when 
certain substances are in sdution These substances are spoken of 
as electrolytes or ionogens, since they yield ions, and water con- 
taining an electrolyte is called an electrolytic solution Solutions 
of adds, bases, and salts are excellent conductors. The current is 
carried through the solution by means of the ions into which these 
electrolytes dissociate. These ions or particles are either positively 
or negatively charged according to whether they have lost or 
gained electrons in the process of dissociation For example, in 
an acid solution such as that of sulphuric add, a given number of 
the molecules dissociate into positive H ions and negative 50« ions, 
while the others remain combined as H;SO,. In this process, the 
neutral H atom loses one of its electrons and thus becomes a posi- 
tive H ion The neutral SO* atom gains two electrons and thus 
becomes a negatively charged SO« ion 

When an electric current is passed through such a solution, the 
positively charged ions move in the direction of the negative 
electrode, while the negatively charged ions move in the direction 
of the positive electrode. The movement conforms to the physical 
law that unhke charges attract and bke charges repel. 

IVTien the H ion reaches the negative electrode, it gives up 
its charge and free hydrogen gas is liberated WTien the SO* ion 
readies the positive electrode, it gives up its charge and then 
recombines with the hydrogen of water to form HjSO*, releasing 
/fee oxygen gas as iilustrated in Fig J 

The reactions taking place can be represented by means of the 
following equation: 

2 HjSO* -j- 2 HiO -f- direct current 
2 Hit at negative electrode and 
2 HiSO* + at positive electrode 



Flo 3 JyaUr EUetrolysis Dissociation of an electrolyte and the iDechaoism 
of current conduction in an electrolytic solution The sulphuric acid on going 
into solution, is dissociated into hydrogen (H) and sulphate radicle (SO.) 
ions, each molecule of HiSO. that » dissociated yielding one SO. ton and 
tiro H tons On e<miftg inta ectthtcl vnlh the ttcgalne and fostltve polet tie 
charges carried by these ions are neutralized and the chemically active atoms 
heCOTie free to escape as a gas, to precipitate, or to react ivitb other atoms 
or radicles that might be present to fona new compounds For each two 
molecules of H.SO. that are dissociated, there will be tno SO. ions and four 
H ]on« Each of the SO. ions carries a double charge and on coming into con 
tact with the positive pole will give up two ekctronic charges — a total for the 
two SO* ions of four electronic charges Each of the four hydrogen ions carries 
a positive charge equal in magnitude to the charge oo an electron On coming 
in contact viith the negaitvo electrode, each hydrogen ion will lose its pasitue 
charge or what amounts to the same thing will receive an electronic charge 
resulting in neutralization of the charge carried by the ion For the four 
hydrogen ions a total of four dectronic charges will be received — a total 
charge equal to the total charge given op by the SO. ions at the opposite pole 
In the figure the arrows with open heads indicate the direction of flow of 
the electronic current — ^Ihat is the dirccbon in wbich the negative charges of 
electnaty flow If a battery B, an ammeter I and a voltmeter E are connected 
35 indicated in the figure, a current mfl flow and the magnitude of this 
current will be determined by the voltage impressed upon the ehetrodss The 
cunent will apparently flow m the directum represented by the arrows with 
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Apparatus 

1 Direct current generator with milliammeter 

2 Direct current voltmeter, range 0 to 150 volts 

3 One set of patient’s conducting cords 

4 One 250 cc glass beaker 

5 Ttvo metal foil stnps, 3 X inches, to serve as electrodes 

6 Tvso electrode clips to fasten electrodes on beaker and to 

serve as terminals for conducting cords 

7 Dilute sulphuric aad 

8 Sugar (granulated) 

9 Distilled water 
10 Spatulas (wood) 

Procedttrt 
A Distilled Water 

1 Place 200 cc distilled water in beaker 

2 Cut one end of each metal fofl electrode to a sharp point 
Place the electrodes in the solution, directly opposite to 
and equidistant from each other, along the inner surface 
of the beaker Fix electrodes to sides of beaker by bend 
ing ends over the edge of the beaker Clamp electrodes 
firmly to the beaker with the electrode clips 

3 Attach patient’s connecting cords leading from the gen- 
erator to Che electrode dips 


closed heads \vhich is opposite to the direction of electronic flow The mag 
nilude of the current I is usually expres^d in amperes or mtlliamperes and 
IS equal to the number of coulombs or nulU coulombs of electnaty flowing 
through the circuit per second The charge on an electron which is the charge 
earned by the hydrogen ion or that earned by the SO ion is 4 77 X 10 “ 
statcoulombs In abcoulombs the charge is 1 59 X lO"", and m coulombs 
1S9 X 10^ Therefore ;/ fie mSIaametec tadicates a ctrirenf flow of 1 ms 
or 001 ampere or 001 coulomb per second 001 — 15 9 X 10^ or 
6 29 X 10“ electromc charges must be bberated at the positive electrode each 
second Since four charges are received for each two molecules of HiSOi 
dissoaated 3 145 X 10“ molecules of H«SO« must be dissociated per second 
and a sufficiently high voltage must be impressed upon the electrodes to impart 
such a velocity to the ions that 3 145 X 10“ SO* ions will reach the positive 
electrode every second. 
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4 Connect voltmeter, if generator is not equipped with one, 
across electrodes. 

5. Connect generator to the house supply and turn switch 
“on,” first setting the meter on low reading scale (0 to 
15 ma.) and the intensity regulator at zero. Gradually 
increase current intensity regulator setting until maxi- 
mum obtainable current flow is secured. 

6. Record in Table I the milUamperage and voltage shown 
on meters. 

B Distilled Water plus Sugar 

1. Without disturbing the set-up in “A”, add a small amount 
of sugar, and stir until dissolved. 

2. Read and record the milliamperage and the voltage. 

C. Distilled Water plus Sugar plus Sulphuric Acid. 

1. JIake no change in the above set-up except to change 
milliammeter to the high reading scale (0 to 150 ma ) 
Add to the solution a few cc. of dilute sulphuric add 
and stir well. 

2. Read and record the current and the voltage. 


TABLE 1 


Etpenment 

Ma 

Volts 

Resistance 

Conductance 

A 

Distilled Water 

3 

75 



B 

Distilled Water 
pAus Sugar 

3 

« 



C 

Distilled Water 
plus Sugar 
plus H,SO, 

40 

5 




Numbers printed are approimiate relative v^ues that will U obtained. 
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Conclusions 

1 The electrical conductivity of water is due solely to the 
presence of ions — which are electrically charged atoms into which 
substances known as electrolytes dissociate 

2 There are certain substances, such as sugar, which dissolve 
in water but which do not dissoaate into electrically charged ions 
Solutions of such substances will not conduct electricity Such 
substances are known as non electrolytes 

Discussion 

From experiments A, B, and C, it is quite evident that distilled 
water is practically a non-conductor of electricity It is quite 
evident also that the presence of a solute such as sugar does not 
render the solution conductive However, the addition of a few 
cc of HjSOi renders the solution an excellent conductor of elec 
tncity The conductivity is due to the dissociation of HgSO* mole 
cules into ions of H* and SO, It should be kept in mmd that 
these ions— electrically charged particles — are chemically inert, 
and become active only when they lose their charge or the charge 
IS neutralized For every salt, aad, or base a given number of 
the molecules will dissociate— a number which is specific under 
given conditions for each particular substance The degree of 
acidity of an acid is dependent on the number of H ions m solu 
tion, the greater the number, the more acid the solution In any 
electrolytic solution, there is a continuous breaking apart of 
molecules to form ions and a recombining of the ions to form mole 
cules (HjSO, ^ 2H* -f- SO, ) The number of ions present in a 
solution IS always constant for any particular electrolyte for a 
given temperature and concentration of the solution 

The important physical law that unlike charges attract and 
hke charges repel, must be Ihoroughiy understood and remero 
bered by the student because of its importance in the therapeutic 
application of the direct current 

One of the most striking, and, from a therapeutic standpoint, 
one of the most important characteristics of the passage of a di 
rect current through an electrolyte, is the absence of any chemical 
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action in the general bulk of the electrolyte as the result of the 
passage of the ions; it is only when the ions surrender their elec- 
trical charges or have them neutralized that they regain their 
chemical affinities and exercise their specific reactions 
This experiment also demonstrates the manner in which electric 
current is carried through the tissues of the body. The tissue fluids 
contain a great variety of ions and these serve as conductors of 
the current just as the H and SOi ions did in this experiment. 


EXPERIMENT 2— ATTRACTION OF IONS WITH 
LIBERATION OF ATOMS AT THE ELECTRODES 

Object: 

To demonstrate that ions on reaching their attracting electrodes 
lose their electric charge, become free atoms and are liberated, or 
in the presence of substances for which they have a chemical 
affinity, form new chemical combinations. 

Theory: 

The electric current Is carried through a solution by means of 
ions Unlike charges attract. ^Vben the ions reach their attracting 
electrodes, they immediately lose their electric charge and be- 
come active atoms The atoms immediately combine with atoms 
of other substances which may be present to form new products, 
or in the absence of such substances, the atoms may either be 
deposited or liberated as gases. 

Apparatus: 

I. Direct current generator and conducting cords. 

2 One extra large, wide-mouthed test tube. 

3 Weak solution of starch to which a small amount of 5 per 
cent potassium iodide solution has been added 

4. Two copper disk electrodes soldered to enamel-insulated 
copper wires as illustrated in Fig. 7. 
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Procedxtre: 

1. Fill the large test tube with the starch and potassium iodide 
solution. 

2. Place the two copper electrodes into the solution as illus- 
trated in Fig. 7. 

3 Connect the positive terminal of the generator to the upper 
electrode in the test tube and the negative terminal to the 
lower electrode. 

4. Switch on the current and raise the current intensity to 
30-60 ma. 

Observations: 

After a few minutes a brilliant blue stream is observed extend- 
ing from the under surface of the upper copper disk electrode. 

Conclusions: 

The iodine ions are attracted to the positive electrode where 
the iodine loses its charge, becomes free Iodine, and unites with 
the starch to give the typical starch-iodine reaction. 

Discussion: 

This experiment clearly demonstrates that an ion is chemi- 
cally inert but as soon as its electric charge is lost chemical 
reactions take place. In this instance there was no evidence of the 
presence of the iodine in the solution until the current was passed 
through it. Because of the attraction of unlike charges the iodine 
ion was attracted to the positive electrode, where its charge was 
neutralized, liberating free atomic iodine which immediately com- 
bined with the starch. 

In clinical application, the soluUon at the active electrode 
serves as an excellent medium for transporting the electric cur- 
rent into the tissues. However, once the drug comes into contact 
with the fluids of the tissues, other faster moving ions such as 
H*, Q', OH", and Na* are encountered. These ions will then 
conduct the current. The ions originally introduced, on losing their 
charge and becoming chemically active atoms, combine with the 
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tissue proteins to form soluble or insoluble compounds Therefore, 
there can be no great penetration of medicinal substances into 
tissues by the action of a direct current. The current serves merely 
to introduce these ions, and for this reason the term ion transfer 
has been adopted in preference to the many incorrect and rather 
misleading terms formerly employed. 


EXPERIMENT 3~ACID AND ALKALINE REACTIONS 
OF THE DIRECT CURRENT 


Object: 

To demonstrate the acid and alkaline reactions of the direct 
current. 

Theory: 

With the passage of an electric current through an electrolytic 
solution, the negatively charged ions flow toward the positive pole 
IVhen the negative ions contact the positive pole, the electric 
charge of the ions is neutralized, and the free atoms can combine 
with hydrogen atoms of water. Thus, in Experiment 1 we found 
sulphuric acid (HjSO*) at the positive pole with the liberation 
of oxygen gas (Oj) The positively charged H ions are neutralized 
at the negative pole. The free atoms of hydrogen combine to form 
molecules of hydrogen gas (H.), which is liberated. The end 
products found at the respective poles will vary according to the 
ions present in the solution; but, regardless of the electrolytic 
substance in solution, the positive pole will always show an aad 
reaction and the negative pole an alkaline reaction 

Apparatus: 

1. Direct current generator. 

2. One set of conducting cords, 

3 Small beaker of tap water. 

4. Red and blue litmus paper. 

5. White cardboard. 

6. Two electrode clips. 
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IS 


7. Two wood spring clothesline clips. * 

8 Sandbag, thumb tacks, or other means of holding the card- 
board on the table. 

Vroccdure: 

Place a piece of wet litmus paper along the edge of a sheet of 
white cardboard. Fasten the metal ends of the patient’s conducting 
cords about 1 inch apart on the litmus paper by means of the clips. 
Fig. 4. Connect the other ends of the conducting cords to the 
direct current generator and switch on the current. Use approxi- 
mately 5 ma. of current for a few minutes, or until the litmus 
paper shows a definite color change in the region of the metal ends 
of the conducting cords. Check the polarity of the conducting 
cords. Record observations. 



Polarity 

Ptoetatmus 

Red Litmus 

Positive 

Red 

No Qtange 

Kegative 

Ko Change 

Blue 
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Conclusions: 

1. The positive pole shows an acid reaction (Blue litmus 
changed to red ) 

2. The negative pole shows an alkaline reaction. (Red litmus 
changed to blue.) 

i?Kc«sston; 

These are important reactions and are made use of clinically 
Tissue can be destroyed as the result of these reactions The 
sodium hydroxide which is found at the negative pole has a 
caustic action on the tissues when concentrated by a suitable elec- 
trode for that purpose. Similarly, an acid concentration is pro- 
duced at the positive electrode. Tissue destruction by the use 
of these reactions is known as Electrolysis by some and Surgical 
Galvanism by others. It ^rould seem that the term Electrolysis 
is the more nearly correct and hence should be the one of choice. 


EXPERIMENT 4— ION TRANSFER 

Object: 

To demonstrate the law that unlike charges attract and like 
charges repel. 

Theory: 

In an electrolytic solution, through which a direct current flows, 
such as that of potassium iodide, the positive ions or cations are 
attracted toward the negative pole or cathode. On reaching the 
pole, they lose their charge, becoming chemically active atoms or 
radicles. They then evolve as a gas, precipitate, or form new 
combinations with other atoms present. Similarly, the negative ions 
or anions are attracted toward the positive pole or anode, lose their 
charge, precipitate, evolve as a gas, or form new combinations 

Apparatus: 

1. 8 Qzs. 20 per cent solution of potassium iodide 

2. Direct current generator and set of conducting cords 
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3. Several white blotters 

4. TviO wood spring clothesline dips 

Procedure: 

A. 

1. Saturate a white blotter with potassium iodide solution 

2. Connect conducting cords to patient’s terminals of gen- 
erator. 

3. Hold the conducting cord tips firmly with the dips for 
insulation so as to prevent shock to the experimenter. 
Draw the tips down the length of the blotting paper. 
Raise the current intensity just high enough to produce 
the iodine stain. Do not use current great enough to 
produce a burn on the blotting paper. 

4. Record which pole of the generator produced the charac- 
teristic iodine stain 

B. Reverse polarity without changing the current intensity 
control. Jfove the cord tips slowly and gently over the paths 
previously traced. Be sure not to press hard enough to 
abrade the paper surface Continue until one inch of the 
original iodine stain has disappeared Note that an iodine 
stain appears under the other electrode, which is now the 
positive electrode. 

Observaitons: 

A. Demonstrating that unlike charges attract each other. 

/•/tm or 

^ etecTroot 


p/iTH or 

- rcecT/tODi 

Fig S Atlraclton of Unlike Charges Potassuitn iodide dissociates into K* ions 
and I ions The I ions are attracted to the positive electrode as shown by the 
liberation of iodine 
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Draw a diagram similar to that of Fig S in your notebook 
and indicate migration of the K* and I by means of iines 
What color is the positive path? Brown 

\Vkal color is the negative path? No color 

What law does experiraent demonstrate? The attraction'of 
MTiUke chatges 

B. Demonstrating that like charges repel 
^Vhen the negative electrode is applied and moved hghtjy over 
the iodine stain, the brown stain shoidd begin to disappear, and 
at the same time a bro\vn stain should begin to appear beneath 
the electrode which is now positive. The potassium atoms lib- 
erated at the negative pole react with the free iodine in the pres 
ence of ivater to form potassium hypoiodite and potassium iodide 
with the liberation of hydrogen. The stain disappears with the po- 
tassium and iodmecompoundsgolnglntoacolorless solution Fig 6 


er - necrfo^e 

/spf’iiCJiTieee 



'll 






Aar-,‘1 



t/3f^Artcr^ OM toorjve 

or 



yvioTtorr rt^rr/toees 



Fic 6 Repulsion of Ltke Charges On reversing the polarity of the electrodes 
and letracmg Ihtii paths, the oiiguul brown lodme stain disappears and an 
iodine stain appears under the other electrode Potassium ions are attracted 
to the now negative pole and are liberated there as chemically active atoms 
The potassium atoms m the {xesence of water combine with the iodine to 
form potassium hypoiodite and potassium iodide with the liberation of hydro- 
gen At the same time iodine ions are attracted to the positive pole and there 
liberated as atoms of iodine Both a force of repulsion and one of attraction 
act simultaneously on an ion When the ion is close to a pole having the same 
charge as the ion, the force acting on the ion is primarily that of repulsion 
If the charge on the pole is unlike that on the lOn, the force is then dominantly 
that of attraction 
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Conclusions: 

The liberation and precipitation of iodine from a clear, colorless 
solution of potassium iodide at the positive pole is demonstrated 
by the appearance of the typical brown stain. The fact that elec- 
trically negative ions, the iodine ions, were liberated at the posi- 
tive pole, is evidence of the law Unlike charges attract ajid like 
charges repel. 

Discussion: 

The introduction of ions into the tissues for therapeutic pur- 
poses is known under such terms as ionic medication, ionization, 
iontophoresis, and ion transfer. If positive ions are required, they 
are introduced into the tissues by means of the positive direct 
current; if negative ions, the negative direct current. Any ion can 
be introduced by using a direct current of the same polarity as 
the ion 


EXPERIMENT 5— EFFECTS OF DIRECT 
CURRENT ON PROTEIN 


Object: 

To demonstrate protein changes occurring in the neighborhood 
of the positive and negative electrodes. 

Theory: 

At the positive electrode, a concentration of hydrogen ions 
[H*] occurs, which means increased acidity The increased acidity 
brings about coagulation of protein. At the negative electrode, 
there is a concentration of hydroxyl ions [OH ] , which produces 
iiquefaction of protein. 

Apparatus: 

1. Direct current generator with conducting cords properly 
connected. 

2. One 10-minute hard-boiled egg (shelled). 
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3. Two pieces of bright copper wire 

4. Two electrode clips 

5 Knife. 

Procedure: 

1. Insert a wire approrimalely into each end of tbe 

egg- 

2 Connect these wires to the conducting cords, which are 
connected to the generator. 

3. Allow from IS to 30 ma of current to flow for IS to 20 
minutes 

4 Remove the cords connected to the copper wires without 
disturbing the wires inserted in the egg 

5. Suspend the egg by means of the copper wire which was 
connected to the positive terminal of the generator 

6 Attempt to suspend egg by the other copper wire 

7 Remove wires and section egg along a longitudinal plane 
which will expose the current path 

8 Record your results and observations 

Observations: 

From your observations answer the following questions Then 
compare these answers with the observations recorded m Table 3 
A Positive Electrode 

1 Did you observe any air bubbles forming in the region 
of the copper wire? 

2 Any color change? 

3 Was the copper wire removed easily? 

4. Probe the egg in the region of the current path and 
then some remote part of the egg Note any difference 
in the two parts of the egg 
B Negative Electrode 

1 As in “A” above 

2 As in “A” above 
3. As in “A” above 

. 4 As in “A” above 
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TABLES 


Positive electrode (A) 

Negative electrode (B) 

(1) A few bubbles of free Oi gas 

ilany bubbles of free 11, gas 

(2) Green color, an ozy&alt of copper 
deposited m cumat path 

No color change 

(3) No When remo%ed, much protein 
adhered 

Yes Came out with ease and as 
bright 25 when inserted 

(4) Hard and sclerotic ui current path, 
coa^^Iated b/ and 

Translucent in appearance, tndicat 
mg lu^uefaction by bjdrosyl rad- 
icle 


Conclusions’ 

1. The positive pole produces coagulation of protein. 

2. The negative pole produces liquefaction of protein. 

Discussion: 

Both these reactions are employed by clinicians for the destruc- 
tion of tissues. This procedure is known as Electrolysis or Surgical 
Ionization. It is the method of choice where cosmetic effects must 
be considered, e g , about the face. The degree and rate of coagu- 
lation or liquefaction can be easily controlled, and this is the 
outstanding advantage of electrolysis. 

At the positive electrode, there was liberated an hydroxyl 
radicle which combined with the copper of the electrode to form 
an oxysalt of copper This reaction, plus the coagulum that is 
formed, is made use of in such treatments as copper ion transfer 
to the cervix, zinc ion transfer to ulcers, and zinc ion transfer 
for hvperesthetvc rMwitis. Uwdowbtedly, the thMapewtle resells 
obtained are due to a combination of the coagulum and the depo- 
sition of the metallic salts. Eventually, the coagulum sloughs, 
leaving a clean, granulating surface which heals with a minimal, 
pliable scar formation. 
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EXPERIMENT 6— EFFECT OF CHANGE OF POLARITY 
Object 

To demonstrate the effect on protein of reversing the polarity 
of an electrode 

Theory 

It was demonstrated in the previous experiment that protein 
coagulation occurs in the region of the positive electrode, and 
liquefaction at the negative electrode It was noted that the posi 
tive copper wire electrode was “stuck” or adherent to the protein, 
and when forcibly removed, protein adherred to it By reversing 
the polarity of this wire electrode, the negative electrode effect 
namely, liquefaction, permits ready removal 

Apparatus 

1 Direct current generator with conducting cords 

2 Small piece of lean beef, approximately 2 by 2 by l inches 

3 Two bright copper wire electrodes 

4 Patient’s connecting clips 

Procedure 

1 Insert the copper nire electrodes at opposite ends of the 
meat 

2 Attach a patients connecting clip to each wire and connect 
to the generator by means of patient’s conducting cords 

3 Apply current of from IS to 30 ma for at least IS minutes 

4 Decrease current flow to zero and attempt removal of posi 
tiv e wire electrode 

5 Change polarity switch, thereby reversing the polarity of 
the electrodes 

6 Raise current to approximately 15 ma and gently manipu 
late the electrode until it is finally released 

7 Reduce current to zero and switch generator off 

Observations 

The positive wire electrode was found to be firmly adherent to 
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the beef after the current flowed for 15 minutes. The color changes 
around the positive electrode were not so apparent as in the egg, 
because of the initial red color of the beef. Nevertheless, an 
OTysalt of copper was deposited in the meat adjacent to the 
felectrode. 

A few minutes after the change of polarity, the wire electrode 
was easily removed. Liquefaction of the adherent tissue was 
brought about by the alkaline reaction at this pole, when its 
polarity became negative. 

Conduiions: 

When the positive electrode becomes adherent to protein, it 
can be removed without resorting to force by merely changing 
its polarity. 

Discussion: 

This experiment has a very practical application There are 
technics of treatment in which a positive bare metal electrode 
is brought into direct contact with mucous membranes. Relatively 
high intensities of current are used for periods of from 20 to 30 
minutes. At the termination of the treatment, the metal electrode 
or sound would be difficult to remove without employing force. 
Therefore, before attempting to remove the electrode, it is neces- 
sary to proceed as follows: ^ 

1. Reduce current intensity gradually to zero; thus the patient 

will be protected from disagreeable muscular contraction 
when the polarity switch is changed. ' ’ 

2. Reverse polarity switch. 

3. Raise current intensity gradually to desired level, which is 
approximately 5 to 10 ma. 

4. Gently manipulate electrode until it ceases fo be adherent 
to the tissues. 

5. Reduce current to zero, remove electrode, and switch genera- 
tor off. 
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EXPERIMENT 7— SENSORY EFFECTS OF THE 
DIRECT CURRENT 

Object 

To determine the sensory effects produced by the direct current 
Theory 

There is no theory that will adequately explain the empinc 
observations of the older workers m this field, that positive direct 
current produces sedative effects and that negative direct current 
increases irritation However, it is well known that the threshold 
of nerve conduction is raised m an acid medium It was shown in 
Experiment 3 that there is an acid reaction m the tissues at the 
positive electrode It may be that this explains in part the anal 
gesic effects observed 

Apparatus 

1 Direct current generator and accessories 

2 Two 1 inch circular absorbent disk electrodes attached to 
handles 

Procedure 

1 Connect the two electrodes to the terminals of the generator 
Do not permtt subject to learn the polarity of the electrodes 

2 When the two electrodes are thoroughly saturated with a 
hot 1 per cent saline solution, apply an electrode to the 
anterior surface of each (oreatm of a sub3ect Maintain firm 
and uniform contact of the electrode with the skin 

3 Raise the current gradually until the tolerance of subject is 
reached Be sure not to move declrodes from now on until 
the current ts switched o0, otherwise the subject will receive 
an electric shock 

4 Allow the current to flow for some few minutes or until 
the subject is certain which electrode is the less irritatmg 
Before turning off the current or removing the electrode 
be sure to reduce current gradually to zero otherwise 
subject will experience a severe shock 
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5. Repeat test on several subjects, 

6. Prepare a table similar to Table 4 for the recording of ob- 
ser\’ations. 


TABLE 4 


Subject 

ItA 

(Tolerance) 

1 

1 Reaction | 

Pos Electrode 

Neg Electrode 

1 

18 

Miiddiscomfort 

Marked discomfort 

2 

20 

Alaiked to 1 

Sfodcrateto 

Aldd 

Moderate to 
Kfoderate to 

Afarked 

3 

1 

Moderate 

1 Marked 


Observations: 

1. Some subjects experienced greater discomfort initially at 
the negative electrode. (Subjects 1 and 3, Table 4). 

2. Other subjects experienced greater discomfort at the positive 
electrode, but, as time passed, the discomfort became less 
pronounced, and finally these subjects definitely esperienced 
greater irritation at the ne^tive electrode. (Subj'ect 2, 
Table 4). 

3. There was observed a marked erythema under both elec- 
trodes: well defined under the positive electrode, but diffuse 
with occasional wheal formation under the negative elec- 
trode. 

Conclusions: 

Surface irritation is present at both positive and negative elec- 
trodes, but if the current flows for a sufficient length of time, 
more irritation will be felt at the negative electrode. 

Discussion: 

The foregoing experiment does not substantiate the hypothesis 
that the positive direct current fe definitely sedative, although 
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greater irritation was experienced at the negative electrode The 
marked irritation at the negative electrode may be due to the 
alkaline reaction at that pole The skin is known to be far more 
sensitive to alkalies than to ands 

It IS also interesting to note that all silb3ects do not agree at the 
beginning of the experiment as to which electrode produces the 
more marked irritation The difference m response is probably 
due to individual variations in skm resistance It has been our 
observation that those subjects whose skm resistance is high 
nearly always complain initially of greater irritability at the 
positive electrode, and only after their skm resistance decreases 
do they agree that the negative electrode causes greater discom 
fort It would appear then that we should never increase the 
current rapidly m the case of those patients with high resistance 
Current intensity should only be increased as the skm resistance 
of the patient decreases Women seem to have a higher skin re 
sistance than men, and this may account for their greater appre 
hension of treatment 

That nerve irritation can often be relieved by using positive 
direct current applications seems to be a not uncommon clinical 
experience Irritable tissues such as muscles and nerves do not 
conduct impulses readily in an acid medium, and this fact may 
have a bearing on the observed alleviating effects 


EXPERIMENT 8— VASOMOTOR EFFECTS OF THE 
DIRECT CURRENT 


Object 

To demonstrate the vasomotor effects produced by direct cur 
rent 
Theory 

TVie pDvftrvt: pdit is xA 

to produce vasoconstriction, and the negative pole vasodila 
tion ' It IS not possible to demonstrate experimentally the vaso 

’ Bigelow Massey An Interoational System of Electrotherapeutics F A 
Davis Co Philadelphia. 
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constricting properties of the poative direct current. The fact is 
that both positive and negative direct current will produce vaso- 
dilatation but in varying degree and persistency for different 
individuals. 

Apparatus: 

Same as in Experiment 7. 

Procedure: 

Same as in Experiment 7. 

Observations: 

The reactions obtained in Experiment 7 can be used to illustrate 
the vasomotor effects of the direct current. No evidence of vaso- 


TABLE 5 



Elapsed Timein Hours 

0 

% 




Marked aod 
circuniscribed 

Moderate 

Slight 


Kegati>e 

Marked and 
diffuse 

Marked 

Moderate 

Very slight 


constriction was observed under either electrode. The initial 
hyperemia, as denoted by the redness, appeared approximately 
the same under both electrodes at the completion of the ejgseri- 
ment. Some differences were noted: first, that the area of 
redness was diffuse at the negative electrode; second, that a wheal 
was raised at the negative electrode if the current intensity 
had been high; and third, that the redness was restricted to the 
area under the positive electrode. 

After 12 to 24 hours, the hyperemia beneath the negative pole 
may still be well defined, while that beneath the positive pole 
probably will have disappeared. The change in the degree of 
hyperemia will in the majority of cases progress as indicated in 
Table S. 
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Conclusions • 

We were unable to demonstrate any vasoconstricting action oC 
the direct current Hyperemia was observed under both electrodes, 
but was maintained for a much longer time under the negative 
electrode. 

Discussion: 

Lewis and Grant* have shown that when the skin is traumatized 
by chemical, mechanical, or electrical means, a histamine-like sub- 
stance, which they designate as substance "H”, is liberated This 
substance causes dilatation of the capillaries, and if the injury 
is severe enough, the histamine-like substance produced is suf- 
ficient to cause a change of capillary permeability to the extent 
that a wheal is formed Such a mechanism would be adequate to 
explain the hyperemia and wheal formation observed in this 
experiment 


EXPERIMENT 9— POLARITY EFFECTS OF THE 
DIRECT CURRENT ON MUSCLE CONTRACTION 

Object' 

To demonstrate the normal polar formula for muscle contrac- 
tion 

Theory 

A normal muscle in contact with the negative electrode will 
give a single twitch or contraction when the switch or key is 
suddenly closed, provided the current that flows is of sufficient 
intensity. This is known as the Cathodal {negative) Closing Con- 
traction If the muscle is connected to the positive pole, it is pos 
sTble to secure a similar conlraclion when the circuit is suddenly 
closed, provided, however, that the intensity of current is suffi- 
ciently high This is called the Anodal {positive) Closing Con 

' Lewis, T , and Grant, D * Vascular Reactions of the Skin Heart, 11 209 
1924 
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traction. Increased irritability at the negative pole is known as 
catelectrotomis and decreased irritability at the positive pole 
is known as anelcctrotonus. The complete normal muscle polar 
formula is; CCC > ACC > AOC > COC, the terms AOC and 
COC meaning respectively AnodaX Opening Contraction and 
Cathodal Opening Contraction. For the purpose of clinical appli- 
cation, we need consider only the dosing contractions, expressed 
by the formula CCC > ACC. This formula means that for the 
same current intensity the cathodal (negative) closing contrac- 
tion is greater than the anodal (positive) closing contraction. 

Apparatus: 

1. Direct current generator and conducting cords. 

2. Make and break key. 

3. Small Yz- to ^-inch electrode for muscle stimulation, illus- 
trated in Fig 23, page 87. 

4. Dispersive electrode, approximately 4 by 6 inches. 

5. Tumbler of water. 

Procedure: 

1. Prepare the bicep muscle of either arm for stimulation. 
Subject must have the arm relaxed, and tbe forearm in the 
mid position and at right angles to the upper arm. 

2. The dispersive electrode, thoroughly saturated in hot water, 
is placed under the forearm of the opposite arm. 

3. The J/^-inch musde testing electrode, attached to a make- 
and-break key, is connected directly to the generator. The 
electrode, thoroughly saturated and comfortably warm, is 
applied to the motor point of the bicep muscle. See Motor 
Point Chart, Fig. 24, page 95. While the make-and- 
break key is repeatedly closed and released, the current 
intensity is gradually increased until a minimal muscle con 
traction is observed or felt. The degree of contraction should 
be so slight that wth the least reduction of the current 
the contraction will disappear. The amoimt of current to 
secure this piini m al contraction is called the threshold cur- 
rent, or as designated by Lapicque, the rheobase. 
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4. Read the milliammeter just as the muscle contracts Note 
the polarity and record your observations in Table 6. Change 
the polarity of the muscle stimulating electrode, and repeat 
the procedure. 

Odservafions: 


TABLE 6 


Subject 

[ CCC 

I ACC I 

' ' 1 

2 

! ^ 

1 i 

1 " 


Ma required for 
minimal contraction 

1 5 



3 0 1 




Conclusions: 

Less current is required to produce a given minimal contrac- 
tion of normal muscle when the cathode is closed than when the 
anode is dosed Hence, for the same current value, the cathodal 
closing contraction will be greater than the anodal closing contrac- 
tion, or CCC > ACC. 

Discussion: 

Normal muscles generally respond more vigorously to the nega- 
tive direct current. The normal muscle can be stimulated repeat- 
edly by merely opening and dosing the make-and-break key. 

In certain pathological conditions, however, one may find the 
normal polar formula reversed, that is, CCC < ACC. Under such 
conditions, a muscle will respond more readily to the stimulus of 
the positive pole. , 


EXPERIMENT 10— RESISTANCE TO THE FLOW 
OF DIRECT CURRENT 

Object: 

To compare the resistance lo the passage of direct current 
offered by: 

(a) Distilled water. 

(b) Tap water. 

(c) Salt solution. 
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Theory: 

All conductors of electricity offer more or less resistance to the 
flow of an electric current. The electrical unit of resistance is the 
oJm. A conductor has a resistance of one ohm if a current of one 
ampere (1000 milliamperes) flows through it on impressing an 
electromotive force of one volt. The conductance of a conductor 
is the reciprocal of its resistance, or one divided by the resistance. 
The unit of conductance is the mho, and is the conductance of a 
conductor whose resistance is 1 ohm. If the resistance is high, 
the conductance will be low. We usually describe the current 
carrying ability of a conductive material in terms of its specific 
conductance or conductivity. The higher the conductivity of a 
material the lower its resistance to the passage of an electric 
current. Conduction of an electric current through a solution 
or a gas is dependent not only upon the presence of ions, but also 
upon their velocity. Conduction in a solid conductor depends 
upon the number of free tons present and their mobility. 

Apparatus: 

1. Direct current generator, conducting cords, and a volt- 
meter. 

2. 500 cc. beaker. 

3. Distilled water. 

4. Salt. 

5. Two metal foil strips, 4 by inches 

6. Two patient’s electrode clips. 

Procedure: 

A. Distilled Water 

1. Pour 250 cc of distilled water into the beaker. 

2. Place the metal foil strips over the edge of the beaker 
with ends immersed to a depth of yi inch. 

3. Connect electrodes to the generator by means of the 
conducting cords and electrode clips. 

4. Set the current intensity control at mid-point. 

5. Record the current indicated on the milliammeter of the 
generator, and the voltage measured by the voltmeter 
connected across the electrodes. 
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6. Turn current off but do not disturb the electrodes in the 
beaker nor the setting of the current intensity control. 
Disconnect the conducting cords at the electrode clips 
and discard the water. 

B. Tap Water 

1. Pour 250 cc. of tap water into the beaker, replace the 
conducting cords, and record the ma. and voltage when 
the current is turned on. 

2. Turn current off. Be sure that meter is now switched to 
read high current values (0 to ISO ma.). 

C. Tap Water Plus Salt 

1. Place a small amount of salt on the end of a spatula and 
dissolve it in the beaker of tap water. 

2. Turn on the current and read the ma, and voltage reps* 
tered. 

Observations: 

Record current and voltage readings in Table 7. 


TABLE 7 


Experuafnt 

ilA 

Volts 

Resistance 

(Ohms) 

Conductance 

(Mhos) 

A DistiUed Water 

B Tap Water 

C Tap Water and NaCI 






Compute the resistance and conductance of distilled water, tap 
water, and salt water from data found and recorded in Table 7. 
In the computation, volts must be divided by amperes to obtain 
ohms. The current values that were measured ate in nulUamperes 
The milllampere is one-thousandth of an ampere. 

To find resistance in ohms, divide voltage by current In am- 
peres. This relation is known as Ohm's Law. It egresses the rela- 
tionship which exists between current, voltage, and resistance. 
It may be written in three forms; 




GENERAL CONSIDERATIONS 


33 


Volts E 

1. Amperes == : that is, I *= — 

Ohms R 

2. Volts =B Amperes X Ohms; that is, E = I X R 

Volts E 

3. Ohms = ; that is, R « — 

Amperes I 

To find conductance in mhos, divide 1 by the resistance in 
ohms. Also compute resistance and conductance of solutions 
studied in Experiment 1, completing Table I, page 10. 

Conclusions: 

To secure the maximum Bow of current for a given voltage the 
resistance must be reduced to a minimum. 

Discussion: 

Electrical resistance is an important factor in the application of 
electric currents to the body. An understanding of the effect of 
resistance on current flow will suggest means of minimizing dis- 
comfort and painful treatments Dry skin has a very high resist- 
ance to the passage of a direct current. Wet and perspiring skin 
has a much lower resistance, but still relatively high in compari- 
son with that of other tissues. In addition, skins vary a great 
deal; some are quite moist with a sensible perspiration, while 
others are quite dry. A subject’s mental condition will influence 
the skin conductivity and resistance, and so will certain patho- 
logical conditions. To ascertain whether the subject’s resistance is 
high pass approximately 5 ma. of current and watch the milliam- 
meter. If the patient’s resistance is high, the meter will show a 
much higher current reading in a very few minutes than it did 
initially, possibly as high as 10 ma. The current intensity should 
not be raised for such paUents until the meter shows a fairly 
steady reading, indicating that the resistance has been lowered 
to a basic level. 

Because of skin resistance, it is an excellent idea to precede 
the current application with some form of heat for the purpose of 
inducing perspiration (an excellent electrolyte) and of increasing 
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the blood supply locally to produce an active hyperemia Further 
more, all electrodes should be saturated with hot and not cold 
electrolytic solutions It is important that the influence of resist 
ance on the flow of current and the effect of a rapid decrease in 
resistance on the patient’s comfort be fully realized, and that 
procedures such as those described above for reducing skin re 
sistance to a basic level be taken 


EXPERIMENT 1 1— CONVERSION OF ELECTRICAL 
ENERGY INTO HEAT ENERGY 
(Joule’s Law) 

Object 

To demonstrate the conversion of electrical energy into heat 
energy 

Theory 

Electrical energy can be converted into energy of other forms 
When a direct current traverses an electrolytic solution, heat is 
produced The amount of heat energy developed per unit time 
depends on the intensity of the current and the ohmic resistance 
impeding the flow of current The total heat energy liberated will 
depend on the tune the current flows Joule’s Law is a quantitative 
relationship giving the gram calories of heat developed m a con 
ductor in terms of the current flow, the resistance of the conductor, 
and the time the current is permitted to flow 

J aide's Law 

H = 0 24 I* Rt = 0 24 Elt in which 
H = gram calones 
I = current in amperes 
R = resistance in ofims 
t = time in seconds 
E = voltage drop in volts 

1 gram calorie = the amount of heat required to raise the 
temperature of 1 gram of water 1“ C, more preasely the 
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Pic 7 Arrangement of apparatus for 
Experiment 11 EE two copper 
electrodes constructed as illustrated 
and connected to a source of direct 
current by means of enamel msulated 
wue The upper surface of the upper 
electrode and the under surface of 
the lower electrode may be insulated 
by enamelling This will assist in re- 
stnctifig the current flow to the elec 
trolyte between the two mner sur 
faces of the electrodes T" is a ther 
mometer with bulb midway between 
the electrodes and C a perforated 
and slotted cork to hold thermometer 
and electrodes in position. 


amount of heat required to raise the temperature of 1 gram 
of water from IS* C to 16* C 


Apparatus 

1 One large extra wide mouthed test tube 

2 One laboratory thermometer 

3 Two special electrodes, as illustrated m Fig 7 

Procedure 

1 Fill the large test tube with tap water 

2 Place one electrode m the water near the bottom of the test 
tube and connect to one terminal of the generator by means 
of an enamel msulated wire 

3 Place Che second elecCmde ta dte wafer near Che Cap cl Che 
test tube and connect to the other terminal of the generator 
(See Fig 7) 

4 Place a thermometer m the solution and record the tempera 
tures when stable 

5 Adjust current control to 20 ma with 30 ma as a possible 




maximum Do not vary current after a value has once been 
decided upon 

6 Record the water temperature at five minute intervals 


■DM 
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Fic 8 Temperature rise versus time plotted from the experimental data in 
Table 8 According to Joule s Faw this relationship is linear but the graph of 
the experimental data deviated from Imeanty because no correction was made 
for radiation and other losses 
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7. Prepare a table such as Table 8. Compute and tabulate the 
data called for. 

8. Plot temperature rise a^nst time as illustrated in Fig 8. 
Conclusions: 

The electrical energy used in transporting the ions in the solu- 
tion is converted into heat energy in accordance with Joule’s Law. 
The temperature of the water rose from 23.4 degrees to 2S.5 
degrees, Centigrade. 

Discussion: 

Turrell believes that the beneficial therapeutic effects of the 
direct current are in large part due to the heat generated in the 
tissues by the passage of the current. This he claims is particularly 
true in those pathologies in which the temperature of the tissues is 
subnormal as is so often true in arthritic conditions. With the 
generation of heat in tissues there occurs a vasodilatation and an 
increased blood supply with a consequent increase in temperature. 
As a result there is a relaxation of muscle spasm and a consequent 
decrease of pain. 

Turrell states that the best results are obtained in old standing 
chronic conditions where the local circulation and nutrition need 
improvement. It may well be that these views, which have been 
given scant attention in this country, should no longer pass un- 
noticed. 

Practical Problem: 

Compute the number of calories introduced in the following 
direct current application. Patient received 75 ma. at 100 volts. 
Treatment was given for 20 minutes. (Answer: 2160 gram 
calories)* 

E X I X t X 0.24 = 100 X 0.07S X 20 X 60 X 0.24 = 2160 
gram-calories. 

* The instructor should formulate several such problems for solution by 
students ol the class 
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V Summary of Direct Current Reactions 


At Positive Etectfode 

At Negative Electrode 

Water 

Electrolysis 

Liberation of free Oi Gas 

Liberation of free Hi Gas 

Litmus Paper 
(H loa Concentration) 

Acid 

Alkaline 

Potassium Iodide 

Liberation of Iodine and 
repulston of Positive Tons 

Liberation of Potassium 
and repulsion of Negative 
Ions 

Protein 

Coagulation 

Liquefaction 

Sensation 

Sedation (?) 

Irritation 

Vasomotor Effect 

Vasodilatation 
VasoconstnctioQ (?) 

Vasodilstabon 

Muscular 

Contraction 

I^ecieased muscular u 
ntsbdity, termed 

Increased muscular » 
ntability termed 
Coitltdrelonuj 
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I Types of Electrodes and Their Preparation, Current 
Density, and Electrotherapeutic Prescription 
A Types of Electrodes Used The direct current is applied to 
the body by means of appropriate electrodes One electrode is 
applied for a specific therapeutic effect and hence is called the 
active electrode A second electrode is applied with the object of 
completing the current arcuit and is known as the dispersive elec 
trode 

1 The Active Electrode The active electrodes employed vary 
widely in shape, size, and construction Fig 9 illustrates a number 
of the electrodes now in general use The active electrode may be 
a Needles 

( 1 ) Steel (cambric needle) 

(2) Platinum indium (for hypertrichosis) 

(a) sharp 

(b) bulbous pointed 
b Sounds of Copper or Stiver 

(1) Olivary for urethral electrolysis 

(2) Uterine 

(3) Cervical 

(4) Vaginal and prostalic 

c Roller of Metal Covered vnth Chamois for Labile Galvanism 
d Moisture Retaining 

(1) Of absorbent material for carrying ionic solutions, 

such as 

(a) Cellucotton 

(b) Asbestos paper 

(c) Canton ilaimd 


DniECT CUIUIENT * 


41 


e. Special 

(1) Muscle testing electrode which is equipped with a 
make-and-break key 

(2) Hand electrode 

(3) Aural electrode 

(4) Antrum electrode 

2. The Dispersive Electrode. This usually consists of a flexible 
perforated piece of metal attached to absorbent felt or encased 
in some highly absorbent material which will hold moisture for 
some considerable time. A representative dispersive electrode is 
also shown in Fig. 9. 

The term dispersive electrode describes its purpose. Its surface 
area is much greater and hence the current density is much less 
than that of the active electrode. Other terms for the dispersive 
electrode are inactive and indi§erent; hut h is impossible for one 
electrode of the direct current to be active and one inactive. Both 
electrodes carry the same total current, but the current density, 
which is the current per unit area, of the larger dispersive electrode 
is not more than half that of the active electrode; hence reaction 
at that electrode is minimized. 

B. Preparatior: of Electrodes. With few exceptions the elec- 
trodes are saturated in some conducting solution. The solution 
into which the electrodes are immersed should be quite hot. The 
dispersive pad is saturated preferably in a hot 1 per cent solu- 
tion of sodium bicarbonate or salt. If the electrodes are in fre- 
quent use it is well to keep them continuously in a solution to 
which a suitable disinfectant has been added. Inasmuch as most 
of the electrodes used require some time for complete saturation 
this should save considerable time. It is important, however, that 
the electrode be immersed in a hot solution prior to use, for by the 
time the electrode is applied to the skin surface it will he at a 
comfortable temperature. The warmth of the electrode will tend 
to produce vasodilatation, inducing a lowered skin resistance to 
the flow of current. Electrodes are connected to the source of 
current by suitable flexible conductors, known as patient's elec- 
trode cords. 




F 

Fsg 9 Rtpreseutaljve active and dispersive electrodes 
A. Electrode hoMet afid pJairnmn indjum needle with bulbous point for 
electrolysis in bypertnchosis 

B Electrode for copper ion transfer to the cervix and uterus Consists of a 
copper cup to which is attached anj one of the various sued copper sounds 
illustrated 

C Electrode for copper wo transfer to the vagina. Consists of a perforated 
copper ball attached to an insulated lube which is provided with a nozzle for 
connection to a suspended contafner of ci^per sulphate solution, 

F Handle for muscle testing electrode equipped with a make and breat 
key 



G 

Fic Q Representative active and dispersive electrodes 
D Roller electrode for labile application 

E Wood handle with two terminals one for the cord tip and the other 
threaded to receive various types of electrodes as illustrated 
G Hand electrode for making labile tq^otUon. 

L Multiple connector 
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H. Typical disper- 
sive electrode 
made of flexible 
perforated metal 
covered on one 
side with absorb- 
eat felt. 



Fjc 9, Representative active and dispersive electrodes. 

C. Eiecirode Application 
1. The Patient 

a. As explained under Dizcusslm in Experiment 10. tie skin 
aLSnf. ®a'kedly reduced by the simple measure of 

'' ?t' application. li possible, 

tie one fart be done. Such a simple measure might well be 
appitation ' ' Mmtortable an otherwise imcomfortable 

abfc “'”"Scd in a comfortable and suit- 

AlouSe T’, .• ■“ *’“ '>'> adPPartad. 

ridS bv r“ '■““^8 ahonld be pro- 

videa by the free use of towds and rubber sheets. 
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c. The Skin 

(1) Abrasions. Examine the skin carefully for abrasions. Do 
this so painstakingly that the patient will become aware of your 
carefulness. When abrasions or skin lesions are present, the cur- 
rent tends to concentrate at such points and produce a serious 
electrolytic burn. Such lesions, if present, should be covered with 
adhesive tape, of a size sufficient to cover the lesions. 

(2) Oily and Dry Skins. If the skin is unusually greasy, it 
should be washed with ether, alcohol, or soap. A dry skin is ex- 
tremely resistant to the flow of current; hence the part with such 
skin should be immersed in hot water, If possible, or exposed 
to some form of heat prior to applying the dectrode. 

d. Position of Electrodes. Electrodes must be kept in firm, 
uniform contact with the skin throughout the entire treatment. 
Uneven contact or uneven pressure is a prolific and often unrecog- 
nized cause of discomfort, excessive current concentration, and 
painful electrolytic bums. Contact can be either too light or too 
heavy. Good contact can usually be secured by holding the dec- 
trode in position with a well applied pure gum rubber bandage 
or well placed sandbags. When the patient’s position for treatment 
permits, the dispersive electrode may be placed under him, his 
weight assuring adequate contact. 

D, Current Density of Electrodes (Dosage) 

1. The Active Electrode. The normal skin tolerates a current 
density of approiamaldy one to two ma. per sq. in. of electrode 
surface. Ulcerated surfaces or denuded areas will tolerate a cur- 
rent density of about four ma. per sq. in. The denuded areas have 
a much lower resistance and greater conductance because the 
highly resistant skin surface is absent; hence more current can 
be tolerated per unit area. It must be borne in mind that these 
values are not necessarily absolute but constitute a guide. 

2. The Dispersive Electrode. For obvious reasons the disper- 
sive electrode is always larger than the active. The current per 
unit area of the dispersive electrode diould be not more than one- 
half that of the active electrode. Hiis can be achieved by making 
the area of the dispersive electrode at least twice that of the 
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active electrode Table 9 gives the size of dispersive electrode to 
be used for various total current values of the active electrode 
■Die dispersive electrodes as outlined in Table 9 should never be 
smaller than indicated, but th^ may, and, in fact, should be 
larger if possible— the larger the better, because the current per 
unit area at the dispersive electrode will consequently be smaller, 


TABLE 9 


Total Current of Active Etectrode 

Size of Pispersive Electrode 

1 to 23 ina 

24 square inches [4X6 inches) 

25 to SO tna 

4S square bches (6X8 inches) 

SO ova and higtec 

120 square inches (10X12 inches) 


and undesirable current effects at that electrode will thus be 
minimized 

E Rules for Administration of Treatment. Before turning on 
the current to the patient, the technician should observe; 

1. That the meters read on the correct scale. 

2 That the current intensity control is at the zero position 

3 That the patient’s conducting cords are properly connected 
and the circuit completed. 

4. That the polarity is correct for the active electrode. 

5. That the line plug, when the equipment utilizes power from 
the line, is securely in place so that there is no possibility of the 
circuit being accidentally broken during treatment. 

The current switch is then turned on and the current intensity 
gradually increased As the current intensity is gradually in- 
creased, there will be experienced a sensation of tingling. The 
current intensity should not be increased at this stage until the 
tingling sensation has almost subsided. As the current intensity is 
further gradually increased, there will follow a sensation of 
warmth It Is good techtuc not to increase the current until the 
milliammeter needle remains practically stationary at a given 
current intensity. 





DIRECT CDXSENX 


47 


The first treatment should always be given with the least pos- 
sible discomfort to the patient, even though the amount of current 
called for by the prescription cannot be secured. During the first 
treatment the patient may be apprehensive, but when nothing 
occurs to produce undue alarm, fear vanishes and confidence is 
gained. 

F. The GeneTol Electrotkerapeutic Prescription. The physician 
employing any form of electrotherapy should give a written pre- 
scription to be followed by his tedinician. In this manner mis- 
understanding can be avoided, and the prescription becomes a part 
of the regular patient record for later reference. 

The type of information and direction that the prescription for 
treatment should provide for the guidance of the technician is sug- 
gested by the following; 

1. The Intensity o) the Electric Current. The ampere is the 
unit of current measurement, but in medical work this unit is too 
large; hence the milliampere Is used, which is a thousandth part 
of an ampere. 

2. Voltage. The voltage is the electrical pressure required to 
produce a current flow. IVhen all preparations are made correctly, 
the voltage will be at a minimum for any given current flow. 

3. Polarity. When using the direct current, the polarity to be 
used for the active electrode should be stated. 

4. Wavelength or Frequency. In the case of a direct current, 
the frequency is of course zero but if the current to be employed 
is alternating in character, then the frequency to be used should 
be given. In the case of radiation, the spectral band of wave- 
lengths to be used should be designated. 

5. Skin-Source Distance. The distance from the source of 
energy to the skin should be indicated, e g , electrode-skin dis- 
tance in the case of short wave diathermy, and burner-skin 
distance in the case of ultraviolet or infrared radiation. In the 
case of direct current, application of the electrodes is made di- 
rectly to the skin as described under the various technics of 
application. 

6. The Duration of the Treatment. The time of application in 
minutes or hours should be prescribed. 
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7 The Frequency of Treatment The number o( treatments 
per day or week should be given important none of the fore 

GOING factors SHOULD BE LEFT TO THE DISCRETION OF THE 
TECHNICIAN 

G Precautions to be Observed m Admtmstertng Direct Current 

1 Examination of the patients skin should be made before 
applying the electrodes and again after their removal This should 
be done m such a manner that the patient is cognizant of the 
fact without attention being specifically directed to it 

2 If the patient complainsof discomfort, it maybe due to 

a Poor contact of the electrodes 

b Uneven contact such as that resulting from excessive pres 
sure at the edges of the electrodes 

If due to poor contact, pressure of the operator’s hand on the 
electrode will eliminate the discomfort H it is due to uneven con 
tact mere pressure on the electrode will not help In either case, 
the electrode should be reapplied taking care to eliminate poor 
and nonuDiform contact If there has been an uneven pressure 
of the electrode during the treatment it will make itself mamfest 
by a marked erythema over this spot 

3 Never turn the current off during the treatment, unless the 
current intensity has first been reduced to zero 

4 Warn the patient to notify you of the slightest sensation of 
burning or of pain 

5 Make no applications over areas having a loss of sensation 

6 Be sure that no metal part of the electrodes, metal dips 
or conducting cords comes in contact with the skin 

7 Be sure that the electrode pads are uniformly and thoroughly 
saturated with the solution to be used Nonuniform saturation 
is a frequent cause of discomfort 

8 Regardless of what the optimal current density should 
normally be, do not exceed the patient s tolerance 

H Simple Method Jar Polanly Test 

1 Saturate a white blotter with a 10 per cent solution of po- 
tassium iodide 
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2. Grasp the metal tip of cadi conducting cord with a wood 
dothesline dip, so that they may be held vrithout producing shock. 

3. Draw both tips slowly over the surface of the wet blotting 
paper. 

4. The path traversed by the positive pole will show the typical 
brown iodine stain There will be no stain beneath the negative 
pole Fig S, page (17). 

II. Specific Applications 

A, Ion Transfer. Ion transfer, ionic medication, ionization, and 
iontophoresis are terms used to indicate the introduction of ions, 
or the exchange of ions within the tissues, for therapeutic pur- 
poses by means of the direct current. The value of this procedure 
is dependent upon the slightly greater penetration of the sub- 
stances into the tissues than that usually secured by topical ap- 
plications of the same remedies The theory underlying the treat- 
ment was demonstrated in Experiments 1, 2, and 4. 

1. Limitations. The depth of penetration and the degree of con- 
centration of the substances introduced are limited by the follow- 
ing factors: 

a. Velocity of the ions All ions do not have the same velocity. 
The conductivity of an electrolyte depends not only upon the 
number of ions present but also upon their velocity. Owing to 
the far higher velocity of the tissue ions and their greater number, 
the foreign ions, i e , the ions to be introduced, cannot contribute 
appreciably to the flow of current in the deeper tissues. The 
foreign ions introduced through the skin lose their electrical 
charge and precipitate as soluble or insoluble compounds in the 
superficial tissues. 

b. Circulation. The speed of the circulating blood will tend to 
sweep away quantities of these ions into the general circulation 
before the ions can penetrate appreciably into the deeper tissues 

2. Substances Most Commonly Used. In Table 10 the sub- 
stances most commonly used for ion transfer are tabulated. 

Metal ions in solution always carry a positive charge, and non- 
metal ions a negative charge. Therefore, if it is desired to use 
the metal ion, the positive pole is applied; and if the non-metallic 
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TABLE 10 


Polanty of 
Active 
Electrode 

SoIuboD 

Ion utilized 

Negative 

SodiiUB CSilonde 

Chloride 

Sodium salicylate 

SaLcylate 

Potassium Iodide 

Iodide 

Positive 

Zinc stdpliate 

Zinc 

Coppei sulptate 

Copper 

Acetyl Beta Afethylcholice-Chlonde 
(Mecholyl) 

Choline 

Histatruoe CUonde 

Hutamise 


lOD IS to be used, the negative pole is applied as the active elec- 
trode Certain non metallic organic salts, such as acetyl Bela- 
metbylchohne chloride and bistamme chloride, dissociate into 
positive radicles and negative ions 

3 Preparation of Solutions Most solutions are used at a one 
to two per cent concentration If the solutions are used infre- 
quently, they can be made up when needed Hot water should 
be used so that the solution will be comfortably warm when 
applied to the skin surface If the solutions are used frequently, 
then stock solutions of 20 per cent concentration can be made 
and diluted with hot water as needed 

4 References 

1 Leduc, S Electric Ions and Iheir Uses in Mediane Rebman, 
Ltd , London 190S 

Z Pack, G T , Underhjl, F P , Epstein, J , and Kugelmass, N 
JEjjv.nnwnta’.SlaidiapjW JllfcAmuinrjJAfldeaVilav /te / 

Sc. 167 6ZS 649 <»fey) 19Z4 

3 Jones, A C Constant and Interrupted Currents of Low Fre 
quenc> The Cycl<^)edia of Mediane Vol S, p 419 F A 
Davis Co , Phil^tphia 1939 



DIRECT COHRENT 


51 


4 Kovacs, J , Saylor, L L , and Wright, I S The Phannoco- 

logic^ and Therapeutic Effects of Certain Chohne Com 
pounds, Residts in Treatment of Hypertension, Arthritis, 
Organic Occlusive Vascular Disease, Raynaud s Disease, 
Sdilcroderma, and Vancose Ulcers Am Heart J U S3 65 
(Jan ) 1936 

5 Counal on Physical Therapy The Interrupted Low Frequency 

and Constant Electric Current in Medicine 107 

1469 1471 (Oct 31) 1936 

6 hlartiD, L. Studies on Local and Systemic Effects of Acetyl 

Beta Methylocholine Administered by Iontophoresis New 
England J Med 217 202 205 (Aug S) 1937 

7 Boemer, Lulu Technic of Acetyl Beta Metbylcholine Chlo- 

ride Iontophoresis (Common Ion Transfer) Physiotherapy 
Review 17 12 14 (Jan Feb) 1937 
fi Harpuder, Karl Electrophoretic Therapy, Problems and 
Value New York State J Med 38 176-180 (Feb 1) 1938 
9 Montgomery, H , HoHmg H E , and Fnedland, C K Effect 
of Iontophoresis with Acetyl Beta Methylcholme Chlonde 
on Rate of Peripheral Blood Flow Am J M Sc. 195 794 
802 (June) 1938 

10 Mjerson, A , Loman, J , and Damesbek, W Physiologic Ef- 
fects of Acetyl Bela Methylcholme (Mecholyl) and Its Re 
lauonship to Other Drugs Affecting Autonomic Nervous Sys 
tern Am J M Sc 193 198 214 (Feb ) 1937 


B Ion Transfer to Surfaces of the Unbroken Sktn 

1 Application to the Hand, Foot, and Vartoiis Joints 

a The Active electrode may be made of cellucotton, asbestos 
paper, or canton flannel 

(1) Cellucotton Select a metal foil electrode, 2 to 3 inches 
wide, and of suffiaent length to encircle the joint and overlap 
about one inch Cut a strip of cellucotton, 2 inches thick, and 
having exactly the same length and width as the metal foil Place 
them in a basin, as illustrated in Fig 10a, and carefully pour the 
required solution over the cellucotton until fully saturated Cau 
Uon Do not pour more solution on the cellucotton than can be 
readily absorbed Carefully squeeze out any excess solution with 
the palm of the hand, being careful to keep the upper layer of 
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tween 25 cc to 40 cc is usually sufficient for one treatment The 
wet paper should be handled carefully to prevent tearing 
When asbestos paper is to be used for the hand, it must be 
wide enough to include the finger tips and to extend about two 
inches above the wrist joint It must be long enough so that it 
can be fitted in between each finger as shown in Fig 1 1 



Fre U The hand with fingers widespread is plated on the center of the 
saturated asbestos paper The paper is next folded over the top of the band 
asd fitted carefully between the fingers The fingers are then dravm together 
and the paper smoothed over so that i fits snugly arouad the entire hand 
and wrist A strip of ^ inch electrode foil ( OOS inch in thickness) is then 
wrapped around in a sp ral with each turn about ^ inch apart over the entire 
area covered by the paper (Froni Boeroei ll Technic of Acetyl Beta 
Methylcholine blonde Iontophoresis Physiotherapy Review 17 p 12 Jan 
Feb 19S7) 

(a) Hand The hand with fingers widespread is placed on the 
center of the saturated paper The paper is next folded over the 
top of the hand and fitted carefully between the fingers The 
fingers are then drawn together and the paper smoothed over so 
that it fits snugly around the entire hand and wrist A strip of 
Yi inch metal electrode foil is then wrapped around in a spiral 
with each turn about mch apart over the entire area covered by 
the paper Foil, 008 inch m thickness, is to be preferred to the 
thin burglar tape frequently suggested, because there is no danger 
o| its tearing while being applied, yet it is suffiaently flexible to 
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Fio 12 Application of asbestos paper electrode to the knee with foQ strip in 
place A metal clip is attached by a connecting cord to the distal end of the 
foil and to the positive pole of the galvanic generator To prevent concentra* 
tion of (he current at the point of entry it is essential that a small piece of 
rubber sheeting be placed under the dip (From Boerner, L Technic of 
Acetyl Beta Jfethyicboline Chloride Iontophoresis Pbjsiotherapy Review, 
17. p 12, Jan -Feb, 1937 ) 


make firm contact and strong enough that it may be used many 
times. Fig 12 illustrates (he method of applying the foil strip 
A metal clip is attached by a connecting cord to the distal end of 
the foil and to the proper terminal of the galvanic generator. To 
prevent concentration of the current at the point of entry, it is 
essential that a small piece of rubber sheeting be placed under the 
clip To prevent drying of the paper and to insure close contact, 
the entire hand is covered with a non absorbent pure gum rubber 
bandage. Because of its elasticity, care must be exercised in 
applying the bandage, so that it is not applied too tightly. By in- 
cluding the clip in the bandage there is no danger of the patient 
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loosening the connection if he moves his hand Electrodes should 
be so bandaged as to assure even pressure over the entire electrode 
Uneven, insufficient, or excessive pressure, especially around the 
edges of the electrodes, must be avoided 

Before applying the electrodes, the skin areas should be ex 
amined carefully and any break in the skin, including acne 



Fic 13 To preient diyiag ol the p»3per and to insure dose contact the 
entire electrode is then covered mth a non absorbent pure gum rubber 
bandage Because of its dasticity, care must be exercised in applying tbe 
bandage so that it is not applied loo lightly By including the clip in the 
bandage there is no danger of the patient loosening the connection if he should 
move (From Boeniec L Technic of Acetyl Beta Methylchobne Chlonde 
Iontophoresis Physiotherapy Review, 17 p 12 Jaa Feb, 1937) 

pustules, no matter how small, should be covered with adhesive 
tape, only sufficiently large, however, to cover the abrasion Col 
lodion may be used in a similar manner Without such insulation 
the resistance to the current at these points is lowered Since the 
current takes the course of least resistance, it would concentrate 
there and cause bums This type of burn is usually deep and slow 
to heal 

After the electrodes have been applied and connected to the 
machine, all connections in the set up should be checked to be 
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certain that they are tight in order to prevent any danger of 
sudden break in the circuit by slight movement of the patient or 
the machine (This would cause a shock to the patient ) The 
current is now turned on and increased gradually to the desired 
milliamperage. 

(b) Foot: Application to the foot is made in a manner quite 



Fxc 14 The dispersive pid is appbed to the back so that all areas are in 
close contact with the skin A piece of rubber sheeting is placed under it to 
prevent the moisture from bemg absorbed by the bedding, and a sqiure rubber 
air cushion or small pillow approximately the sire of the dispersive electrode 
under that to insure close contact To prevent bums, care should be taken that 
no metal touches the patient (Prom Boemer, L Technic of Acetyl Beta 
Mcthylcholine Chlonde Iontophoresis Physiotherapy Review, 17, p 12, Jan - 
Feb , 1937 ) 

similar to the application to the hand The shape and size of the 
asbestos paper must of course be such that it will conform to the 
anatomy of the foot, extending at least two inches above the ankle 
(c) Joints: The preparation and application of the active 
electrode to joints is as descnbed m the preceding paragraphs 
The sue should be such that when applied, the asbestos will 
extend well above and well below the joint Figs 12 and 13 
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b Dispersive 'Electrode Usually 10 X 12 inches, but it may 
be of any appropriate size, and should be prepared as already 
described Protect abrasions or skin lesions with adhesive tape 
A small inflatable rubber cushitm, or a small pillow approximately 
the size of the dispersive electrode, should be placed under the 
electrode in the region of the lovver lumbar curve to assure uni 
form contact of the electrode Fig 14 Be sure the upper edge 
of the electrode, because of the patient’s position, does not make 
better contact than other areas of the electrode Connect the con 
ducting cord from the dispersive electrode to the proper terminal 
of the generator Set the milliammeter on the correct scale Slowly 
increase the current intensity, keeping it, however, well within the 
patient’s tolerance 

c Medication and Polarity Used 

(1) Sodtum Salicylate A solution of I per cent concentration 
vs used The active electrode is saturated with the solution as al- 
ready outlined The salicylate radicle is (he one used IVhen in 
the ionic state, it carries a negative electric charge, hence, the 
active electrode is connected to the negative terminal of the 
generator 

(2) Mecholyl The active electrode is saturated with a 1 per 
cent solution of Mecholyl The active electrode is connected to the 
positive terminal of the generator, because the radicle used, when 
in the ionic state, carries a positive charge Some, or all, of the 
following reactions should be secured as a result of the treat- 
ment 

(a) Flushing of the face and neck 

(b) Perspiration 

(c) Increased salivation and sometimes lacnmation 

Any untoward effects of the drug can be counteracted by hypo 
dermic injection of 1/iOO^ atropine sulphate This oounteract 
ing drug should always be available in case of an emergency 

(3) Histamine Application may be made by either of the fol 
loiving methods 

(a) The asbestos paper is saturated with a 1 1000 solution of 
histamine aad phosphate and then applied as already outlined 
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The active electrode is connected to the positive terminal of the 
generator. 

(b) A 1 per cent histamine ointment is rubbed into previously 
scarified skin. The skin is then cleansed of the histamine vehicle 
and covered with a pad moistened with tap water, which is con- 
nected to the positive terminal. 

d. Prescriptions 

(1) Sodium Salicylate — 1 per cent concentration 
Milliamperes — 2 ma. per sq. in. of active electrode 

surface; or that tolerated by the sUn. 

Voltage — Minimum. See 2 under General Electroihera- 
peulic Prescription, page 47. 

Polarity — ^Negative to active electrode. 

Time— 45 minutes. 

Frequency — Daily, or as frequently as three times 
daily if possible. 

(2) Mec/:olyl-^l per cent concentration. Some use 0 2 to 

0.5 per cent. 

Milliamperes — Current strength should be just suffi- 
cient to cause fiuslung of the face. This usually re- 
quires from 20 to SO ma. according to area of surface 
covered by electrode. 

Voltage — hlinimum. 

Polarity — ^Positive to active electrode. 

Time — 30 minutes. 

Frequency — 3 times weekly. 

(3) Histamine — (a) Solution 1:1000 or 1:2000; or 

(b) Ointment 1 per cent. 

Milliamperes — (a) ma. per sq. in. of active electrode 

surface. 

(b) Some workers advocate total current of IS ma. 
Voltage — ^Minimum. 

Polarity — Positive pole to active electrode. 

Time — (a) 1 to 2 minutes. 

(b) 3 to 5 minutes. 

Frequency — 3 times weekly. 
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2. Application to Recent Scar Tissue 

a. Medication. One to two per cent sodium chloride solution. 
The chlorine ion is to be used. 

b Active Electrode 

(1) The active electrode made of cellucotton is saturated with 
a hot 1 per cent solution of sodium chloride, and cut so that it 
covers the scar and e-ttends one-eighth of an inch beyond its 
edges. Over the cellucotton a metal foil electrode, 'just slightly less 
in area, is placed. The negative terminal is connected to the elec- 
trode by means of a clip or held in firm contact by adhesive tape, 
and the whole electrode is maintained in position by several turns 
of pure gum rubber bandage. 

(2) The active electrode, consisting of a warm 1 per cent solu- 
tion of sodium chloride contained in a metal basin, may be used 
if more convenient. The basin should be no larger than is neces- 
sary. The hand or foot is immersed in the solution. The negative 
terminal is connected to the basin, or, if the basin is enamelled, a 
2-inch strip of metal foil should be introduced into the solution 
and connected to the negative terminal Occasionally current 
effects are felt at the boundary of the water surface and the skin. 
This can be overcome by applying vaseline to the skin at this 
area. 

c. Dispersive Electrode. Prepare and apply as already de- 
scribed. 

d. Prescription 

Milliamperes — 2 ma. per square inch of active electrode 
surface. 

Voltage — Minimum. 

Polarity — ^Negative to active dectrode. 
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Tune — 30 to 45 minutes 

Frequency — Daily if possible or 2 to 3 times weekly 

e Discmssioh The caustic action of the negative current was 
demonstrated in Experiment 3 The caustic action of the sodium 
hydroxide formed at the negative electrode softens light super 
ficial scars and also helps in loosening dense and heavy scars 
making them more amenable to subsequent treatment, such as 
sustained mechanical stretching exerase and massage Accord 
mg to Cumberbatch the softening of hard scat tissue in the re 
gion of the cathode may be due to an increase of moisture in the 
tissue following the passage of the current 
Best results are secured by applying the proper combination of 
these measures Best results wiU naturally be secured with those 
scars tliat have not reached a static stage It is quite essential that 
such measures as exercise and massage be used in conjunction 
with this treatment m order that maximum stretching of the 
contractured scar tissues softened by the direct current be se 
cured Of the greatest importance is the employment of some 
mechanical means such as an appropriate brace or sphnt, worn 
continuously between treatments to maintain the maximum 
stretching of the contractured tissues The mechanical means em 
ployed to secure this effect should exert steady and continuous 
stretching but not of such magnitude as to produce pain 

f References 
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C f<j« Tr-ittsfer to Oavuded SiBrJaw', 

1 AppUcalion for Fungus Infections of Bands and Feet 
(Modification of Haggard s technic) 

a Medication One to two per cent copper sulphate solution 
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b. Apparatus 

( 1 ) Two rectangular enameled basins about five inches deep. 

(2) Two Bain-marie basins for the hands. 

(3) One per cent copper sulphate solution. 

(4) Copper metal strips, X 10 inches 

(5) Metal electrode clips. Fig 9, page 44. 

(6) Multiple connectors Fig 9, page 43. 

(7) Generator and patient’s conducting cords. 

(8) Sodium chloride solution. 

c. Preparation. Haggard states that a preliminary soaking of 
the feet or hands for a few minutes in a dilute solution of sodium 
hypochloride is particularly advantageous in preparing the skin 
for treatment. The removal of all debris and crusts is essential. 
Hydrous wool fat applied to denuded areas will prevent socks 
from sticking to abraded areas of the feet between treatments. 

d. Technic 

(1) Single Fool. Place in one of the foot basins a quantity of 
1 per cent copper sulphate solution sufficient to cover the in- 
fected area. The copper strip is placed in the solution and held 
to the side of the basin with the metal electrode clip. The patient’s 
conducting cord is connected to the positive terminal of the gen- 
erator and to the electrode clip on the basin. The dispersive 
electrode is applied by immersing the other foot in the second foot 
basin, in which a 1 per cent sodium chloride solution sufficient 
to cover the whole foot and ankle has been placed A metal strip 
is attached to the basin in the manner described, and connected to 
the negative terminal of the generator. 

The dispersive electrode may consist of a hand towel, cellucot- 
ton, or similar absorbent material saturated with sodium chloride, 
and applied to the upper part of the extremity treated. It must 
be of sufficient size to assure that this electrode functions as a 
dispersive electrode and not as an active electrode. Electrical con- 
tact is made by covering the saturated electrode with metal foil, 
which is held in place by rubber bandage. The electrode is con- 
nected to the negative terminal of the direct current generator 
by means of an electrode clip and a conducting cord. 
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(2) Both Feet Both feet are immersed m copper sulphate 
solution as described above By means of a multiple connector, 
the leads from the foot baths arc connected to the positive ter 
mmal The tv?o arm baths, each containing a sufficient quantity 
of 1 per cent sodium chloride solution to cover the entire fore 
arms when immersed, serve as dispersive electrodes, and are 
similarly connected with a multiple connector, but to the negative 
terminal 

(3) Hands For the hands, similar procedures to those de 
scribed for the feet are employed, but m this case the Bam mane 
basins contain copper sulphate solution, while the foot baths 
containing sodium chloride solution serve as dispersive electrodes 

e Prescription 

Milliamperes — Haggard recommends 4 to 6 ma for one 
hand or one foot, and S to 10 ma for both feet or both 
hands 

Voltage — Minimum 

Polarity — ^Positive to copper sulphate solution 

Time — ^Twenty minutes 

Frequency-Two to three limes weekly 

{ Discussion Haggard, Strauss, and Greenberg advocate the 
use of a special type of direct current generator for this treatment 
In our opinion such apparatus is unnecessary and adds only to 
the cost of a very simple treatment The ordinary direct current 
generators which are unequipped with electronic current limit 
ing circuits, serve most satisfactorily for this simple treatment 
The patient should be warned not to take the extremity under 
going treatment out of the solution because of the possibility of 
a slight shock on the sudden interrupting of the current circuit 
If there is slight irritation of the skin near the water surface, it 
can be relieved by applying vaseline to the skin at this area 
In our opinion, higher intensity of current might be more 
effective In copper ion transfer to ulcers, a total current flow 
of 20 to so ma is employed, corresponding to a very high current 
per sq inch of electrode surface ii the treatment of fungus in 
fections, the total current flow of only 4 to 6 ma , as Haggard 
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recommends/ corresponds to an extremely low current density. 
The current density In milliamperes per square inch is the total 
current divided by the area in square inches of the skin in con- 
tact with the copper sulphate solution. This area in the case of 
fungus infections is very large. Therefore, it is obvious that the 
current density, or milliamperes per unit area of the surface 
treated, is extremely low. Treatment by copper ion transfer of 
the individual lesions with relatively high current density, using 
the technic employed for ulcers, may be more effective. 

The amount of a metal introduced into the tissues can be com- 
puted readily. 

Example: A patient is given a 30-minute treatment. Copper sul- 
phate solution is used; the current is IS ma. How many milligrams 
of copper are liberated? (Ans. 8.9 mg ) 

Solution: From the data presented In The Handbook of Physics 
and Chemistry, the electrodiemical equivalents of metals most 
frequently employed in ion transfer are as given in the following 
table: 


Metal 

Electrochemical EquKalent 
(grams per ampere hour) 

Copper (Cu) 

1 19 

Zinc (Zn) 

1 22 

Sliver (Ag) 

4 02 


30 miQUtcs = 0 5 br 
IS ma “ 0015 amp 
05 hr. X 0 015 amp ~ 0 0075 ampere hours 
0075 X 1 19 = .008925 grams or 8 9 milligrams 
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2 Apphcatton to Ulcers 
a Medication 

(1) One per cent zmc sulphate solution 

(2) Mecholyl solution, 05 per cent 

(3) Histamine, I 1,000 
b Method 

(1) Direct Over the Ulcer The ulcer is thoroughly cleansed 
A piece ol used x ray film, washed free of its emulsion, is placed 
over the ulcerated area, the ulcer outlined with ink, and the 
X ray film cut out on the inked outline This piece of film then 
serves as a template lor cutting the active cellucotton electrode to 
the necessary shape and size, it will also serve as a permanent 
clinical record of the initial size and shape of the lesion, so that 
actual progress can be gauged 

The floor of the ulcer is covered with one layer of gauze If the 
ulcer IS deep and its floor uneven, it should be built up and 
leveled with pledgets of cellucotton saturated m zmc sulphate 
solution The active cellucotton electrode is also saturated in a 
warm solution of 1 per cent zmc sulphate solution Usmg the 
template as a guide, the active electrode is cut one eighth inch 
beyond the margin of the template, and then applied directly to 
the ulcer A metal plate of zmc or electrode fod, and of suitable 
size, IS placed in contact with the cellucotton, and the terminal of 
the positive cord fixed firmly m good contact wth it by means 
of adhesive tape Pig iS This active electrode can be held se- 
curely in place by means of a rubber bandage or sand bags 
Fig 16 The dispersive electrode is applied to any convenient part 
of the body as already described 

(2) Indirect The active dectrode of asbestos paper is satu- 
rated with a 05 per cent solution of Mecholyl, or a I 1,000 
histamine solution, applied above, below, and around, but not 
directly over the ulcer itself The usual inch foil metal strip 
IS wound around the surface of the asbestos paper, as illustrated 
in Fig 12, page 55, and connected to the positive pole of the 
generator Some, however, prefer to apply the electrode directly 



Fig 15 (Insert) Application of a ceDucolton active electrode to an ulcer 
Cellucotton is cut to tbe shape of tbe ulcer, but about inch larger all 
around Contact is made with cellucotton by a zinc plate 

Fig 16 The electrode in Fig IS is hdd in place by means of 
3 gum rubber bandage 

over the ulcer as well as to the surrounding parts The electrode 
is retained in position by the usual rubber bandage or sand bag 
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The dispersive electrode is applied as previously described Fol- 
loTving iTeatTOeHl oi varicose \jcers, suv Uua’s paste hoot, at some 
similar support, must be applied and worn continuously between 
treatments 

c. Prescription 
Method 

(1) Direct Application. Zinc sulphate solution, 1 per 
cent; 4 ma per square inch of electrode area 

(2) Indirect Applicalion 

(a) Mechol>l, 0 S per cent. 

(b) Histamine, 1:1000 

Current intensity suffident to secure the previously 
described reaction, usually 10 to 30 ma, page 58 
Voltage — Minimum. 

Polarity — Positive. 

Time — 10 to 30 minutes according to area treated. 
Frequency — Once every seven to ten days 

d Discusston. The underlying causes for the ulcer must be 
sought, and measures taken to correct them If It is an indolent 
ulcer due to poor nutrition or circulation, the treatment per se 
should prove quite effective If due to varicosities, support to the 
part may have to be provided Such support can be secured by 
applying an Una’s paste boot.* Sometimes the necessary support 
is secured by means oi an elastic bandage. In the more severe 
cases, it may be necessary to resort to the use of sclerosing solu- 
tions or even ligation 

The best results are obtained by a proper combination of 
therapeutic procedures It b essential that the edges of the ulcer 
be kept quite clean and that excessive granulations be removed 

• Boot IS constnicted of aUemste ai^icatlons of gauze bandage and Una’s 
paste Tbe fomula for Una's paste is 
Gtycenn It^OO grams 
Gelatin 625 grams 
Water 1900 c c 
Zinc Oxide 2S0 grams 

It is prepared in a double bmki 
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3. Application for Fissures, Fistulae, and Sinuses 

a. Medication. One per cent zinc sulphate, or a solid zinc wire 
electrode. 

b. Method. The active electrode may be a 1 per cent zinc sul- 
phate solution or a zinc wire electrode, whichever can be used 
most conveniently. The cavity is filled with zinc sulphate solution, 
and the positive terminal is connected to a suitable zinc electrode 
placed in the solution. When the use of the solution is not practi- 
cable, a zinc electrode of suitable dimensions and pliability, 
wrapped in cotton and thoroughly soaked in a 1 per cent zinc sul- 
phate solution, is used. The dispersive electrode is applied as 
previously outlined. 

c. Prescription 

Milliamperes — 10 to 15 ma. 

Voltage — Minimum 

Polarity — ^Positive to active electrode. 

Time — 10 to 15 minutes according to area treated. 

Frequency — Once every seven to ten days. 

D. Ion Transfer to Mucosal Surfaces 

1. Application to Cervix 

a. Medication A copper, s3ver, or zinc sound as illustrated 
in Fig. 9, page 42. 



70 


TECHNIC OP ELECTSOTHEEAPY 


b Method The patient is placed m the usual dorsal posture— 
the so called hthotomy posture— and the cervix brought into view 
by means ol a speculum The vaginal vault and the external os 
of the cervix are thoroughly cleansed A copper sound of appro- 
priate diameter is selected and introduced into the cervical canal 



Fig 17 IllustraUon of (be appbcatioa of electrode {or copper 
KKt transfer to tbe cemz. 


as far as the internal os The staff of the sound is connected to the 
positive terminal of the generator Fig 17. 

The dispersive electrode may be placed under the sacrum, or 
on the abdomen, according to which application is the more com- 
fortable and convenient When it is time to terminate the treat- 
ment, the current intensity diould be reduced gradually to zero, 
and the polarity of the active electrode changed from positive to 
negative by reversing the polarity switch. Then increase the cur- 
rent intensity slowly to approximately 10 to IS ma until the 
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electrode is loosened; then gradually reduce the current to zero, 
and remove the copper sound. 

c. Prescription 

Milliamperes — 20 to SO. 

Voltage — ^Minimum. 

Polarity — ^Positive to copper sound. 

Time — 30 to 45 minutes. 

Frequency — Every seven to ten days. 

d- References 

1. Daunnreuther, W. T.: Some Useful Office Procedures in 

Gynecological Therapy, New England J. Med. 203;3S1-3S6 
(Aug. 21) 1930 

2. Tovey, D. W.: Copper Ionization in the Treatment of Cer- 

vicitis. New York State J. Med. 30:887-889 (Aug. 1) 
1930. 

3. Tovey, D. W : Copper Ionization for the Treatment of Leucor- 

rhea in Virgins. Am J Obst & Gynec. 27:916-917 (June) 
1934. 

4 Turrell, W J * Electrotherajy in the Treatment of Diseases 
of the Genito-urinary System. Brit. M. J, 2:160-162 (July 
28) 1934. 

5. Quimby, W. A : Copper Ionization Treatment of Cervicitis. 

West Virginia M J. 31*210-212 (May) 1935. 

6. Forman, I.: Ionization Method for the Treatment of Endo- 

cervicitis Am J. Obst fit Gynec 32:503-504 (Sept.) 1936. 
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Cervical Erosions and Endocervicitis. Arch. Phys. Therapy 
21:154-163 (Mar.) 1940. 


2. Application to Vagina 

a. Introduction. Sloan (1) states: "The great desideratum in 
pelvic ionic medication is an apparatus which will enable the ions 
to enter the tissues of the whole of the parts affected sufficiently 
deep to destroy the septic condiUon uniformly. ... A septic condi- 
tion more or less in degree generally exists throughout the whole 
genital tract in the great majori^ of pelvic troubles. The ap- 
paratus [Ulustrated in Fig. 18 and devised by Sloan] is efficient 
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aad sufficiently under control so that the vagina and the uterus 
are ballooned by the solution. The walls are therefore stretchedi 
all folds of mucous membrane are opened and gland orifices are 
exposed.” 

b Medication One per cent copper sulphate solution. 

c. Method From Sloan (1, 2, 3, 4, and 5) 

The patient is placed in the posterior position. The vaginal 
tract is thoroughly deansed The funnel shaped electrode is in- 
serted, and separated from the surface of the vagina and vulva by 
approximately four or five layers of gauze saturated in the copper 
sulphate solution. A reservoir, suspended about eight inches above 
the electrode, is connected by rubber tubing to the inlet tube of 
the eloctrodo. The vaginal end of the inlet tube should be extended 
by a flexible rubber tube, three indies into the vagina, so that 
the solution will be carried wdl back mto the vagina. The electrode 
is maintained in position and contact between electrode and tissue 
made water tight by meaos of constant pressure exerted by a 
retaining rod and spring The retaining rod is attached to a 
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burette stand, making an angle of about 20* to 30° with respect 
to the plane on which the patient lies. Fig. 18. The positive ter- 
minal is attached to the retaining rod to conduct the current into 
the solution. 

A burette is attached to the stand as illustrated, and by means 
of rubber tubing connected to the outlet tube of the electrode. 
Suitable clamps are attached to both inlet and outlet rubber tub- 
ing to regulate the flow of the solution Before the current is turned 
on, a small quantity of fluid is run through the system to insure 
that all parts of the genital tract are free from discharge. The 
outlet damp is then dosed, and the solution permitted to distend 
the vagina. The vagina will usually retain from two to six ounces 
of the solution It is necessary to avoid distress from overdisten- 
tion. The dispersive electrode is applied in the region of the 
sacrum, or abdomen if preferred The current is then turned on. 

d. Prescription 

Current — 30 milliamperes for 10 minutes, or such current 
flow that the product of mQIiamperes and minutes equals 
300. 

Voltage — Minimum. 

Polarity — Positive to vaginal electrode 

Time — 10 minutes, or such time that the product of time in 
minutes and milliamperes equals 300 ma.-minutes. 

Frequency — Once every ten daj^. 
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3 A ppUcatton to Maxillary Antrum 
a Medication One per cent zinc sulphate solution 
b Method There are two methods 

(1) That employed by Campbell The antrum is thoroughly 
cleansed The patient is placed on a treatment table in the prone 
position, with the forehead resting on a headrest, while the chest 



Fig 19a llIuslratiDg tbe posilion of Ifae patient for the apphcatioo of zinc ion 
transfer to the antrum. (From Campbell A Ionization in the Nose, A New 
Technique Journal of Laryngology and Otology 43 98, Feb , 1928 ) 


IS at the edge of the table Fig 19a A space of about nine inches 
intervenes between the forehead and the upper part of the 
sternum The patient rests his head on his left forearm In this 
position, the anterior nares are at the lowest part of the nasal 
passages, while the posterior choana and the sphenoidal sinuses 
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are at their highest. An insulated metal tube is introduced into 
the nose through a plasticene plug placed in the nostril The plug 
of plasticene serves to center tube preventing contact with tissue, 
and also ser\’es to prevent leakage of solution. An irrigating can 
is placed about a foot above the patient’s head, and is connected 


Fig 19b Schematic drawing fl- 
lustrating the filling 0 / the antrum 
with zinc sulphate solution and 
the continuous overflow of solu- 
tion into the opposite oostnl 
(From Campbell, A lonuation 
in the Kose; A New Technique. 
Journal of lar>Tigology and Otol- 
ogy 43 98. Feb, 1923 ) 



to the catheter by means of rubber tubing The flow of ainc sul- 
phate solution from the container is controlled by means of a 
screw clamp The solution is allowed to run into the nose so that 
it fills up one side and overflows continuously into the other, and 
escapes into a basin placed on the floor. Fig 19b. The positive 
terminal of the generator is connected to the metal tube. The 
current is turned on and gradually increased The maximum cur- 
rent employed is usually from 20 to 30 ma. The treatment is 
given for 20 to 30 minutes. The dispersive pad, prepared as usual, 
is applied to any convenient part of the body. 

(2 ) That employed by the authors. Tliis method was devised so 
that the patient could sit up during the treatment. A specially 
designed electrode, illustrated in Fig. 20, permits access di- 
rectly into the antrum In Fig 20 three views of the electrode are 
given: side, top, and end. 
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Zinc sulphate solution is introduced into the antrum through 
the hollow electrode, a rubber hose conveying the solution from 
a suspended container to the electrode The flow is adjusted so 
that the antrum fills and the excess overflows continuously into 
the opposite nostril and escapes into a pan which is held by the 
patient 



Fig 20 Electrode for zinc ion transfer to maxillary aotrum Drawn to scale 
Use of tins electrode permits treatmeDt of patiesC m Uie sitting- position Tie 
electrode is introduced into tbe aotnim. Hie electrode consists of metal tub ng 
with an external diameter of about S/SZ of an inch it is insulated by means 
of radio spaghetti as indicated jn the figure Rubber tubing is connected to 
the electrode to convey zinc sulphate solution from a suspended container 
to the electrode and thence into the antrum 


The positive terminal of the generator is connected to the elec 
trode, and the current is gradually increased The maximum cur 
rent employed is 20 to 30 ma as with the Campbell technic The 
time of application is also the same — 20 to 30 minutes 
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c. Prescriplton 

Milliamperes — 20 to 30. 

Polarity — Positive to antrum electrode. 

Time — 20 to 30 minutes. 

Frequency — Every seven to ten days. 

d. Discussion. Obviously, without adequate drainage of the 
various sinuses, it is not possible to use any method of ion transfer 
successfully. According to Cahill (3), treatment is useful chiefly in 
post-operative conditions After radical antrum and frontal sinus 
operations, ion transfer is of the greatest benefit in bringing about 
a speedy recovery. Zinc ion transfer is indicated after the re- 
moval of nasal polypi. It is also successful in clearing up post- 
influenzal rhinitis which does not involve the sinuses to any pro- 
nounced degree. Cahill used sodium chloride instead of zinc 
sulphate for the majority of post-operative conditions. 

4, Application to Nares 

a Medication. One per cent zinc sulphate solution. 

b. Method. 

(1) Patient is given 3 grains of sodium amytal. 

(2) After IS minutes, the nasal cavity is packed with 5 
per cent cocaine. 

(3) Pack a roll of vaseline cotton into the olfactory fissure 
to prevent injury to the nerve with consequent loss of 
smell. 

(4) Cleanse the nasal cavity with 1 per cent zinc sulphate 
solution. 

(5) Pack the nose with half-inch strips of the thinnest 
available gauze, saturated with 1 per cent zinc sulphate 
solution, and place a zinc wire in the center of the pack 
to be connected to the positive terminal of the generator. 

(6) Be sure to pack carefully beneath both middle and 
lower turbinates. 

(7) Be sure to pack far back into naso-pharynx. The patient 
is placed in the supine portion, and the active electrode 
is connected to the positive terminal of the generator. 
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The patient hes on a suitably prepared dispersive elec 
trode 

c Prescription 

MiUiamperes — ISOma nunutes 

Note Milliampere minutes is the product of milliamperes 
and time in minutes In this instance, 15 ma for 10 
minutes is the usual prescription, equivalent to ISO ma 
mm , the same prescription could be administered at 
10 ma for 15 minutes, or at any milliamperage which 
multiplied by the time of application gives 1 SO ma nun 
It could be 10 ma for 15 minutes, and so on 
Voltage — ^Minimum 

Polarity — Positive to the active electrode 
Time— 10 minutes for IS ma, or ISO ma minutes divided 
by ma used will give the tune m minutes 
Frequency — Every seven or ten days 

d Dtscussten It is essential to follow closely the directions 
When the treatment is terminated, one should observe a greyish 
deposit over the nasal mucosa if the treatment has been adequate 
After three to four days, the membrane loosens and causes some 
anQo}ance to the patient, therefore, he should be cautioned not 
to use force in blowing his nose If much discomfort follows the 
treatment, Yz gram codeine with aspinn is usually administered 
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5. Application to the Ear 

a. Medication. One per cent zinc sulphate, or FriePs solution 
Friel’s solution consists of 75 gr^ns of zinc sulphate, 2 ounces of 
glycerine, and 17 ounces of water. 

b. Method, Thoroughly mop the external meatus. Apply suc- 
tion with a suction bulb, and then cleanse the ear further, using 
zinc sulphate solution for intratyropanic irrigation. After drain- 
ing the ear, instil an injection of ten minims of 2 per cent cocaine- 
adrenalin solution. This shrinks the mucosa and opens up pock- 
ets. Drain out cocaine solution, wash the tympanic area, and fill 
with zinc sulphate solution. 

The patient lies with the affected uppermost, the solution 
filling the ear to the external meatus The glass speculum shown 
in Fig 21 is placed vertically in a beaker of zinc sulphate solution; 



Fig 21 Glass speculum aod zmc rod etectrode used for 
zmc 20 D traasler to the cuddle ear 
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the opening of the speculum is covered with a finger, so that when 
the spveculum is removed from the solution an adequate amount 
of solution will be retained in the bulb of the glass tube The glass 
speculum is placed in the external meatus and so inserted that 
its direction parallels the ear canal Fig 22 The finger is then 
removed The zinc rod electrode is connected to the positive 


Fig 22 AppI cat OR of the act ve electrode illustrated la Fig 21 
for 2 DC loa transfer to (he tn ddle ear 

terminal and placed in the glass speculum It is imperative at all 
*imes to bate good contact between the zinc rod and the solution 
m the glass speculum The electrode should be held securely in the 
ear by the patient or by someone in attendance 
Since the patient is lying down the dispersive electrode can be 
readily positioned under the palmer surface of the hand and 
adequate pressure for good contact can be provided by sandbags 
placed on the back of the hmid 

c PrescrtpUon 

Milliamperes — ^Never exceed 3 ma 
Voltage — ^Minimum 
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Polarity — Positive to the ear electrode 
Time — ^Usually 10 minutes, or longer, depending upon mil- 
Iiamperage employed The product of ma and minutes 
should be 30 ma -minutes 
Frequency — Once everj seven to ten days 

d Disctnston The treatment is limited to certain simple un- 
complicated cases which have large central perforations Good 
results cannot be expected m conditions where there are only 
minute central or peripheral perforations 
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E Specific Polar Applications 
1 Application for Inflammation of Peripheral Nerves 

a Medication None Positive electrode is usually employed for 
Its alleged sedative effect However, Turrell believes either pole 
IS equally effective 
b Methods 

(1) Application to Lower Extremity 

(a) Active Electrode Applied to foot and lower third of leg 
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An absorbent electrode of ceJlucotton, asbestos paper, or canton 
flannel, saturated in a 1 pet cent hot saline solution, is applied in 
good contact vath the loot and lower third ol the afiected leg A 
plate of metal foil is applied over the absorbent material covering 
the sole of the foot, and connected to the pole selected. Its position 
IS maintained with a rubber bandage. 

(b) Dispersive Electrode A well-moistened dispersive pad 
electrode, 6 by 8 inches, is applied over the sacroiliac region, and 
connected to the other terminal. 

(2) Applied Dixtclly Over the A§ected iVeriic 

(a) The Active Electrode The patient is placed in the prone 
position A strip of cellucotton or asbestos paper, of sufficient 
width and length to cover completely the affected nerve region, 
is saturated in a I per cent hot saline solution and placed over 
the region to be treated A metal electrode, slightly smaller in 
area than the cellucotton, Is applied over the cellucotton and con- 
nected to the positive terminal The electrode is maintained in 
position by sandbags or by a rubber bandage. 

(b) The Dispersive Electrode Prepared and applied as previ- 
ously described. 

(3) Appltcalion to the Upper Exirernity 

(a) Active Electrode The affected arm is placed in a small 
arm bath The saline solution, at a comfortable temperature, 
covers the forearm A strip of metal is immersed in the bath and 
connected to the positive tenmnal of the generator. 

(b) Dispersive Electrode. A dispersive pad, 6 by 8 inches, pre- 
pared as previously described, is applied to the region of the 
cervical and upper dorsal spine, and connected to the negative 
terminal 

(4) Labile Applications (Active electrode in motion) 

(a) Active Electrode. Use either a metal rcdler electrode with a 
chamois coveting, or a so-called ‘ffiand electrode,” both of which 
are illustrated in Fig 9, page 43 These so-called “labile” 
applications are so named from the fact that the active electrode 
is kept continuously in motion by the technician The electrode 
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is saturated in a 1 per cent hot saline solution, and is connected 
to the positive termiaal. The ctectfode is moved slowly over the 
involved area. The current intensity is maintained at the patient’s 
tolerance. 

(b) Dispersive Electrode. The patient is placed in the most 
comfortable position. A 6 by 8 inch dispersive electrode, prepared 
as previously described, is applied to some convenient area of the 
patient’s trunk and connected to the negative terminal. 

(c) Prescription (Methods 1, 2, 3, and 4). 

Milliamperes — ^Tolerance. 

Voltage — ^Minimum. 

Polarity — Positive or negative according to choice. 

Time — 40 to 45 minutes 

Frequency — Daily, or 2 to 3 times weekly. 

(d) Discttssiott: It ts assumed that the underlying causes of the 
pathologies have been ascertained and the necessary steps taken 
to correct them. A large proportion of the conditions, arising from 
such simple causes as exposure to dampness and cold, are relieved 
in about ten to twelve treatments. While corrective procedures are 
being applied, this form of adjuvant therapy can be most useful. 
It is often merely palliative, and thus does not remove the cause 
of the condition. Turrell believes patients are relieved as the 
result of the heat produced by the conversion of electrical energy 
into heat energy in the tissues This was explained in Experiment 
11 . 

(e) References 

1. Turrell, \V. J.: Prindplcs of Electrotherapy and Their Practical 
Application. 2nd ^ Oxford University Press, New York 
1929. 

1. Kosacs, RtchMd'. Electtotts«ca.py and L.igb.t Therapy. 4th Ed. 
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F. Electrical Testing of Nerves and Muscles. The complete 
neurological examination to determine the extent or degree 'of a 
nerve lesion, is not within the proWcee of the physical therapist 
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but belongs to the field of the neurologist However, the physical 
therapist and the technician should be sufficiently familiar with 
neurological pathologies and the diagnostic procedures and termi 
nology of the neurologist to realize the full significance of the diag 
nosis made of the patient and the purpose of the recommended 
treatment Moreover, he should have the ability to determine the 
electrical excitability of a pathological nerve and its associated 
muscles By such tests the result of treatment may be followed 
from week to week 

The most commonly employed currents for muscle and nerve 
testing are the direct and the letanizing or (aradic current How 
ever, condenser discharge currents are being used to an increasing 
extent 

I The Normal Nerve and Mu$cle Response 

a Direct Current The direct current, when allowed to flow 
without interruption through a nerve or muscle, does not cause 
muscular contraction If the circuit is suddenly opened or closed 
by means of a suitable key, and if the current is of sufficient 
strength contraction occurs at the make and at the break of the 
circuit If a nerve is stimulated, all of the muscles supplied by it 
will contract, but if the electrode is placed over the motor point of 
an individual muscle, that muscle alone will respond If the cur 
rent is very strong contiguous muscles may also contract The 
pole used as the exciting electrode is of importance In the case 
of the normal nerve or muscle, the negative pole or cathode is 
more effective in producing stimulation than is the positive pole 
hence with it, a minimal contraction is secured with the least cur 
rent intensity The positive pole or anode, for the same degree of 
muscle contraction requites a gieater current intensity This gives 
rise to the so called normal polar formula for muscle contraction 
that IS for a given current intensity the cathodal closing conirac 
Uon is greater than the anodal dosmg contraction, or CCC > 
ACC > AOC > COC Stimulation of a normal motor nerve or 
muscle causes a sharp quick, bghtning like contraction 

The reacTon of the patient with spasmophilia is an exception 
to the normal polar formula The motor nerves of such patients 
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show a marked degree of hyper-irritability. The direct current 
proWdes a positive test for the early detection of this condition. 
The test is positive when the cathodal opening contraction (COC) 
is secured with a current of less than S ma. 

For practical reasons, opening contractions are very infre- 
quently used, since the current intensity required to produce them 
exceeds the patient’s tolerance. 

b. Tetanizing or Faradtc Current. The faradic current of suffi- 
dent intensity produces a complete tetanic contraction of the 
musdes during its flow; the contraction does not terminate until 
the current flow ceases This current produces a series of rapid 
stimulations, and hence the tetanic response. This is discussed in 
detail in Part B. 

2. Electrical Reactions Resulting From Lower Motor Neuron 
Lesions. The abnormal electrical responses resulting from an in- 
jury to a lower motor neuron are known as the Reaction of De- 
generation, abbreviated R.D. or DcR. This has been defined by 
Erb to be an entire c>'cle of quantitative and qualitative changes 
of irritability, which occurs in the nerves and muscles under cer- 
tain pathological conditions and is associated ultimately with 
certain histological degenerative changes occurring in these struc- 
tures. 

Nen'e disorders may be classified as: 

a. Organic 

(1) Anatomical, in which the anatomical continuity of the 
ner\'e is broken. 

(2) Physiological block, in which the anatomical continuity of 
the nerve remains intact but its ability to conduct impulses is 
impaired because of long sustained pressure on the nerve some- 
where along its course. 

b. Functional 

(1) Hysteria 

(2) Feigned paralysis, or hfalingeiing. 

A musde deprived of its nerve supply will not respond to faradic 



86 


TECItNIC OE EtECTSOTireRAPY 


Stimulation Hence, the faradic current can be of great assistance 
in differentiating between an organic lesion and a functional dis- 
order. 

The direct current will stimulate a muscle to contract whether 
the muscle is normal or paralyzed, provided the muscle fibers have 
not been replaced by fibrous tissue. The paralyzed muscle re- 
sponds, however, with a slow, sluggish, so-called longitudinal or 
vermicular reaction, instead of the quick, lightning-like contrac- 
tion characteristic of the normal muscle 

Table 11 gives the electrical responses secured when the re- 
action of degeneration is complete. 


TABLE U 

Eieouicai Reactions Secuked When Paxalysis or a Nexve and Its 
M oscus ts CounxTx 


Cutreat 

Nerv« 

hlusclea 

Faradic 

No Response 

No Response 



1 Qualiialm 

May^ be 

(1) slow or 

(2) sJowed or 

(3) sluggish 

Direct 

No response because 
tbece IS Do Derve path 
bdow the infuiy to 
conduct thestunulus 

1 Quantdotm 

May require from 

15 to 50 ma. before 
a response can be 
elicited. 

3. Polar Formula 

May be 

(1) Normal 
CCOACC 

(2) Equal 
CCC-ACC 

(3) Reversed 
CCC<ACC 


The polar reversal was considered by Erb of great prognostic 
significance, but at present this view is wholly unsupported. 
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3 Technic ^ 

a General. A good light is neossary to avoid confusing and 
misleading shadows The patient must be comfortable and re- 
laxed If possible^ precede the test with some form of heat to re- 
duce the dectrical resistance of the skin to a minimum 
b. Electrodes. 

(1) Active A small, circular metal dectrode, covered with ab- 
sorbent material, as illustrated in Fig 23 It is attached to a 
handle equipped with a make-and-break key Fig 9, page 42 



Fio 23 Electrode fot electro-dugnosis A urcular metal electtode £, about 

to H loch ia diameter, is covered entb an absorbent material S This 
absorbent malenal, nhicb may be cellucotton or sponge, Js covered and held 
m place by gauze 

(2) Dispersive. An electrode, 4 by 6 inches, is applied to the 
back, chest, or other convenient area. 

c. Current 

•(1) Faradic. The method employed for the test depends on 
the extent of the lesion If the nerve supplying the paralyzed 
muscles is in a location where it can be stimulated, the nerve 
trunk on the normal side is first stimulated by briskly and con- 
tinuously opening and closing the muscle testing electrode to find 
the normal faradic current threshold The threshold is obtained 
when the muscle contracts with the minimal current intensity 
If the nerve trunk cannot be stimulated because of its location, 
then the normal muscle opposite to the one paralyzed is stimulated 
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at Its motor point to find the nomial current threshold The motor 
point IS situated where the nerve enters the muscle and is usually 
located at about the geometric center of the muscle Fig 24 With 
out changing the machine settings, the muscle testing electrode 
IS applied to the nerve (if possible) and to each of the muscles at 
their motor points If no response is secured, the current is in 
creased gradually to the absolute tolerance of the patient In 
complete reaction of degeneration neither the muscle nor its 
nerve will respond to the faradic stimulus 

(2) Direct The same procedure as outlined above is em 
ployed Even with complete reaction of degeneration, unless the 
injury is very old the muscles will respond to the direct current 
The responses should be noted and recorded 

In early cases of paralysis, the muscles can be most easily 
stimulated at their motor points Fig 24, pp 89 95, but with 
the passage o! time, the muscle becomes less and less irritable 
until in the course of time, if regeneration of the nerve has not 
occurred response to the direct current will be totally lost If a 
muscle does not respond to a stimulus applied at its motor point, 
the electrode should be moved gradually toward the tendinous 
insertion of the muscle until the point of election is found \Vhen 
the current is applied at this point, the muscle may respond The 
fingers should be placed over the tendons of the muscles being 
tested to detect slight movements that otherwise might go un 
noticed The spread of current to contiguous muscles must be 
noted and if it occurs, guard against misinterpreting these spun 
ous contractions 

Change of varying degree may be noted in the responses of the 
muscle to the direct current 

(a) The qualitative response The muscle contraction may be 
slow, slowed, or sluggish (vermicular contraction) 

(b) The quantitative response A much greater current inten 
sity may be required to produce a threshold contraction 

(c) The polar formula The formula may be 

Normal, le CCC> ACC, or 
Equal le CCC=ACC, or 
Reversed, le CCC < ACC 
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Fic 24D Motor Points of the Arm and Hand, Fleior Surfaces (From 
Electro-Diagnosis Courtesy of J M Mosher) 




Fic 24E. Motor Points of the Ann and Hand Extensor Surfaces (From 
Electro Diagnosis Courtesy of J M Mosher) 
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SUGGESTED RECORD FORM FOR ELECTRICAL EXAJIINATION OF NERVE AND MUSCLES 
FOR REACTION OF DEGENERATION 
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Type 

Normal 

Reversed 

Equal 

Reversed 

Equal 

Equal 

Normal 

Rev ersed 

Normal 

Reversed 


CCOACC 

CCC<ACC 

CCC-ACC 

CCC<ACC 

CCC-ACC 

CCC-ACC 

CCOACC 

CCC<ACC 

CCOACC 

CCOACC 

Ma for Minimal 
contraction 
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In Fig 25 IS outlined the procedure for determining the reac 
tion of degeneration 

Students interested m the condenser method of muscle testing 
should consult Kovacs, Electro therapy and Light Therapy 

4 References 

1 Erb, W H Handbook of Electrotherapeutics William Wood 

& Company, Baltimore, 1883 

2 Athanassio Benisty, Marie Oinical Forms of Nerve Lesions 

Oxford University Press, New York, 1918 

3 Pollock, L J and Davis L Penphetal Nerve Injuries Paul 

B Hoeber, Inc , New York, 1933 

4 Bauwens P Electro diagnosis and Electrotherapy in Penph 

eral Nerve Lesions Proc Roy Soc Med 34 459 468 (June) 
1941 

G Electrolysis (so called Surgical Ionization) 

1 Vses 

a Destruction of tissue in such conditions as 

(1) Nevus araneus 

(2) Telangiectasis 

(3) Acne rosacea 

(4) Hypertrichosis 

(5) Common mole 

(6) Nevus pilosus, when hair is dark and coarse 

2 Principle The destruction results from the chemical action 
of the ions liberated by the current The advantage of this method 
is that the destruction js definitely localized and always under 
control The resultant scars are minimal and very pliable, giving 
excellent cosmetic results 

3 Technics 

a Hypertrtchosis 

(1) Active Electrode The active electrode consists of a 
plaunum irridmm needle with a bulbous end It is fixed in a 
suitable holder and connected to the negative pole 

(2) Dispersive Electrode A 4 by 6 inch dispersive pad is 
placed as previously described, and connected to the positive pole 
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The skin is cleansed with alcohol The needle is sterilized m 
alcohol The palient is placed ja the supine position and a small 
sheet of rubber is placed over the clothing, covering his chest A 
dispersis e pad, with moist absorbent surface uppermost, is placed 
on the rubber sheet and connected to the positive terminal The 
area of operation is exposed, and well illuminated, so that the 
opening of the follicle is readily visible To accomplish this, direct 
the light so that it falls on the skin m a direction approximatdy 
parallel to the hair at its exit from the follicle 
The needle is inserted into the hair follicle, making sure that 
the needle follows the direction of the hair It can usually be 
inserted about one eighth of an inch before the tip of the 
needle reaches the bottom of the hair follicle The patient is in 
structed to place his hand on the dispersive electrode, the op 
erator increases the current until an intensity of 2 nulliampercs is 
reached The current should never be excessive, experience has 
indicated that it should not exceed 2 milhamperes By using a 
low current intensity, pain is minimized and extensive tissue de 
struction with resultant scar formation is prevented There is a 
sharp, stinging pam nhen the needle is inserted into the follicle, 
but It IS not so Severe that an anesthetic is necessary The current 
IS allowed to flow for about 15 seconds or until slight effervescence 
IS seen at the mouth of the follicle The patient is then told to re 
move his band from the dispersive pad The hand thus serves as a 
switch The needle is not withdrawn until the hand is removed 
from the dispersive pad and the arcuit thus interrupted The 
hair IS seized by an epilation forceps and removed — ^but not un 
less it can be done with ease It should come out without the 
slightest effort on the part of the operator If it does not come 
out readily, the needle should be reinserted and further elec 
trolysis effected The procedure outlined is repeated for each hair 
to be removed When a large number of hairs is to be removed 
no more than from twenty to thirty should be removed at a single 
sitting, and these should not all be removed from the same area 
If an appreaable number were removed from a restricted area, 
the minute liquified follicles might coalesce and form a large 
scar The successful use of this method requires both practice 
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and skill Under the best conditions a certain number of hairs 
(about 20 per cent) return and must be removed again For the 
removal of fine hairs, a finer needle, a weaker current, and 
greater skill are required Fine downy hairs cannot be removed 
satisfactorily by electrolysis If they lie very dose together and 
electrolysis is attempted, scarring is liable to result 

It IS important that the needle be inserted into the hair follicle 
without piercing the wall of the follicle It has been found that 
holding the hair in a forceps facilitates the proper insertion of 
the needle otherwise it might pierce the side of the follicle 

b Other Pathologies 

In treating stellate vetns, the needle is introduced for about 
one eighth of an inch into the central vein from which the others 
radiate One nulUampere is passed for one minute A minute 
scab forms which drops off m a few days leaving a tiny scar 
which later becomes unnoticeable 

Acne rosacea may be treated so as to save overlying skin and 
produce minimum scarring If the skin contains capillary nevi 
some scarring is unavoidable 

Electrolysis is a useful procedure in the treatment of nevi com 
posed of separated vessels stellate veins, telangiectases in adults 
and nunute capillary nevi For large capillary nevi, excision or 
freezing with carbon dioxide iS to be preferred Positive current 
IS also effective for raised mole like nevi [nevus vartcosis') 

c Prescription 

Milhamperes — 1 to 2 
Voltage — ^Minimum 

Polarity — Negative to the platinum indium needle, bulbous 
for hypertrichosis and sharp for other applications Post 
tive to needle for nevus vancosis 
Time — 15 to 30 seconds 

d Apparatus Required 

1 Direct current generator 

2 Dispersive electrode, 4 by 6 inches 
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H Summary of Direct Current Reactions and Applications 
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3 Suitable needle holder for holding platinum indium needle 

4 Adjustable light source of good intensity 

5 Epilation forceps 

6 Magnifying lens 
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I Introduction The experiments of Galvani demonstrated 
that muscles contract when subjected to an electrical potential 
These experiments marked the beginning of electro-physiology 
From that time on, electric currents have been employed for stirau 
lation of muscles, both for expenmental and therapeutic purposes 
Contributions of the greatest importance m electro physiology 
were made by Emil du Bois Re3miond (1818 1896) In 1884, 
he published a comprehensive work Thiertsche Elzctrtcttat The du 
Bois Reymond induction coil for electro muscle stimulation was 
devised by him m 1849 He also introduced a special make and 
break key, known as the du Bots Reymond key Du Bois 
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Reymond was the first to describe electrotonus, and to him we 
are indebted for our modern concepts of summation of response 
and of prolonged contractions. His basic work led to the elucida- 
tion of the law oj excitation by Pfluger Du Bois-Reymond ex- 
perimentally proved that a constant current had no effect upon 
a nerve, but that muscular contractions occur only when there is 
a change in the applied potential. He also discovered the negative 
variation, or as it is now called, the action current, associated with 
muscular activity. 

The value of and the rationale for the use of electrical stimula- 
tion in the treatment of denervaled muscle are disputed points. 
Most clinical physical therapists, on the basis of “clinical expe- 
rience,” advocate its use However, the value of such impressions 
gained from experience on human subjects is questionable It is 
practically impossible to conduct a controlled study of this prob- 
lem in man. Evidence derived from studies on experimental ani- 
mals is contradictory. Many of these studies base their conclusions 
upon an insufficient number of experiments, inadequately con- 
trolled However, the conclusions reached from several well con- 
trolled studies are about equally divided for and against the value 
of electrical muscle stimulation Some of this evidence will be con- 
sidered in detail 

Reid‘ in 1841 cut the spinal motor roots supplying the hind legs 
in four frogs He stimulated the same side daily for two months 
with direct current and found that the muscles on the treated side 
retained their original size and contractility, whereas those of the 
opposite side atrophied markedly and contracted only feebly. 
However, Langley* has shown that denervaled frog muscle does 
not atrophy. Many workers since have failed to find any change 
in the excitability or contractilUy of denervaled amphibian muscle. 
Brown-Sequard’ cut the sciatic nerves bilaterally in rabbits and 
stimulated one leg for six weeks. At the end of this time the mus- 
cles on the stimulated side were normal, whereas those on the 

* Reid, J • Edinburgh Month. Journal Med (1841) Quoted by Langley 
and Hashimoto J Physiol 52' IS, 1918 

•Langley, J N J PhysioL SO S3S, 1916 

‘Brown Sequard Compt Rend des Seaiues et Med d! Soc de Biol 19S 
(1849) Quoted by Langley and Hashimoto, J. Physiol 52*15,1918 
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unstimulated side showed marked atrophy, and their ability to 
contract to a stimulus was greatly decreased. 

Langley and Kato* studied the course of atrophy in the gas- 
trocnemius soleus group of the rabbit. The effect of electrical 
stimulation for four minutes daily was studied in seven animals. 
The results apparently showed that electric stimulation with con- 
denser discharges delayed atrophy. However, the number of ex- 
periments was few, the differences slight, and no adequate con- 
trols were included Hence the results, as the authors themselves 
stated, are inconclusive. Langley cut the internal and external 
popliteal nerve bilaterally in one rabbit. He stimulated one side 
two or three times each day with condenser discharges at the rate 
of thirty-six per minute. A total of two and one-half hours of stimu- 
lation was given daily. In this way, by using prolonged and vigorous 
stimulation, he hoped to draw conclusions as to whether denerva- 
tion atrophy actually was due to disuse. However, he found no 
difference in the weights of the treated and control muscles after 
twenty-one days 

In 1920, Hartman and Blatz* studied the effect of massage, and 
electrical treatment on denervated rabbit muscle. They appear to 
be among the few investigators who employed a functional rather 
than an anatomical test for comparing the muscles. The work 
which the muscle was capable of doing when lifting an optimum 
load was used as a standard for comparison. The gastrocnemius 
muscle on one side of a bilaterally sciatic sectioned animal was 
treated daily with direct current stimulation. Twenty-four animals 
were studied. These investigators produced contractions which 
varied in different animals from a barely perceptible response to 
a vigorous response. The muscle was stimulated ten minutes daily 
at the rate of sixty stimuli per minute They reported no beneficial 
effects and staled that denervation was followed in a few days by 
the foss of power fo contract to galvanic stimulatioa in both 
treated and control groups. In view of this statement, it is difficult 
to understand how their method of electric stimulation produced 
contractions except during the first days of the experiment. 

‘LangJey, J N, Kato, T.- J PhysM 49-432, 1915 

' HaiLman, F. A., Blatz, W U J 53 290, 1920 
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Recently, interest m this problem has been revived Probably 
the best study is that of Fischer * He appears to be the first experi 
mental investigator to attempt to adapt the form of electrical 
stimulation to the changing cacitability of the denervated muscle 
so as to produce vigorous contractions throughout the course of 
the experiment By varying the frequency and duration of the 
stimulus, he was able to produce a tetanic contraction in markedly 
atrophic muscle From a well controlled study on rats he con 
eluded that electrical stimulation retards loss of excitability and 
loss of rdative dry weight of the stimulated muscles The best 
results were obtained when treatment was started mmedtaiely 
after denervation Fischer slimulaled the muscles from ten to 
twenty rmnutes daily, using a current intensity sufficient to produce 
a vigorous contraction 

In 1939, Chor, Qeveland, Davenport, Dolkert, and Beard^ * 
studied the effect of various procedures, including electrotherapy, 
on the atrophy of denervated muscle in the monkey They con 
eluded that electrotherapy was of no value in delaying or pre 
venting atrophy, or in hasleoiog musde-nerve regeneration They 
employed direct current stimulation, producing ten contractions 
daily Their experiments were made principally on unilaterally 
denervated animals This study appears to have been inadequately 
controlled, for they did not consider variations in the rate of 
atrophy from animal to animal, neither did they state the number 
of animals used Both Fischer* and Tangley and Hashimoto^* 
have shown that this variation could be considerable In contrast 
to Fischer, they secured the best results when treatment was im 
tiated four weeks after denervation 
More recently Molander, Stermtz, and Asher*^ cut the sciatic 
nerves bilaterally m eleven dogs One leg was stimulated with 
direct current, twice daily, five contractions at each session After 
•Fischer E Am J Physiol 127 60S 1039 

• Chor H. Cleveland D Davenport H A Dolkert R. E and Beard G 
JAMA 113 1029 1939 

' Chor H. Cleveland D Davenport H A Dolkert R E and Beard G 
Physiol Review 19 340 1939 
•Fischer E Am. J Physiol 127 60S 1939 
"Langley J N Hasbmoto M J Physiol S2 IS 1918 
“ Molander C O Stemitz F S and Asher R. Arch Phys Therapy 22 
1S4 1941 
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six weeks, the corresponding muscles were removed and weighed. 
The treated muscles showed as mudi weight loss as did the con- 
trols. However, in six of the nine cases, the control muscles 
showed slightly more histologic evidence of degeneration. They 
concluded that electrotherapy was of no value. 

On the other hand, Kowarschik and Nemec,** using a special 
stimulating apparatus for obtaining a current of optimal form, 
state that electric stimulation is of value in preventing atrophy 
and restoring muscle function. 

Very recently, Liebesny** employed an interrupted direct cur- 
rent with variable frequency and pause, termed by him a Xeduc 
current. In an experiment on one frog he showed that this current 
was less fatigmng than the usual interrupted direct current. In 
one rabbit with paralyzed hind legs, he treated one leg with the 
so-called Leduc current, and the other leg with the direct current 
for ten minutes daily, giving 240 contractions. He stated that the 
direct current was of no value but that the Leduc current was of 
marked value. These results are suggestive, but the small num- 
ber of experiments and lack of adequate controls do not justify 
far-reaching conclusions. Liebesoy states that be has used the 
Leduc stimulation in 134 poliomyelitis patients and 1000 periph- 
eral nerve injuries with very satbfactory results. 

Gutmann and Guttmann’* crushed or cut the peroneal nerve, 
bilaterally, in six rabbits They stimulated one leg with the direct 
current daily for fifteen to twenty minutes, securing 500 to 600 
contractions, using the other leg as a control They concluded 
that electrical stimulation not only delayed and diminished mus- 
cular atrophy but also accelerated the return of the muscle to its 
initial volume Moreover, the treated muscles exhibited greater 
electrical excitability than did the controls Since their controls 
did not include the normal variations from animal to animal, their 
results are hot fully conclusive. However, if the controls of Lang- 
ley and Hashimoto'* are applied to these experiments, then the 
results of Gutmann and Guttmann seem to be significant. 

“Kowarschik, J, Nemec, H Munsehen Med Wchnschr 88 269, 1941 
“Ljebesny, P : Arch Phys Therapy 23 23, 1942 
“ GutmaDii, E , Gultmann, L.* Lancet 1:169, 1942 
“Langley, J N , Hashimoto, M.“ J Physiol 52*15, 1918 
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SoUndt and Magkdery“ have reported that stimulation for 
two minutes, three times daily, with a twenty-five cycle sinusoidal 
current, considerably decreased atrophy in denervated rat muscle 
The number of animals used is not stated 

The most recent work is that of Hmes, Thomson, and l.azere,^^ 
published in 1943 These investigators concluded that electrical 
stimulation of paralyzed musdes, if of sufficient intensity to in- 
duce strong contractions, delays atrophy and enhances recovery 
from paralysis 

It is thus apparent that there is no agreement in the experi- 
mental literature as to the value of electrical muscle stimulation 
However, there are certain general observations which can be 
made In general, when daily treatment is given, when the periods 
of stimulation are relatively long, and when the current strength 
IS sufficient to cause a vigorous muscle contraction, the results are 
favorable The single exception to this generalization is based on 
the results obtained in an experiment on a single animal Without 
exception, those who employed weak stimuli or short periods of 
stimulation have reported unfavorable results Again, those who 
have attempted to adapt their stimuli to the changing excitability 
of the degenerating muscle have had belter results In spite of 
this, a recent clinical article** advocates the use of weak stimuli, 
insufficient in intensity to produce joint movement The basis for 
this recommendation is not clear 

From a consideration of the physiology involved, it would 
appear logical that if a muscle is to be electrically stimulated, the 
resultant contraction should simulate as nearly as possible the nor- 
mal muscle contraction The following discussion is based on 
this point of view 

II Muscles Capable of Being Electrically Stimulated 
All muscles can be electrically stimulated, but some,- because of 
their anatomical location, are inaccessible for such stimulation 
'l.t.’OiSLVM. tapaWe xA bring deciriraifiy slimuia'ced may be dias«- 

“Solaadt, D Y , Magladery, J W Brain 63 255 1940 
” Huies, H. M , Thomson, J D , and Lazere, B Physiologic Basis for 
Treatment of Paralyzed Muscle Arch. Phys Therapy 24 69, 1943 
” Snow, \V B , Gurewitsch, A B Arch Phys Therapy 23 69, 1942 
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fied as: skeletal muscle with intact nerve supply; skeletal muscle 
deprived of its nerve supply (the paralyzed muscle); and the 
smooth or involuntary muscle. 

A. Skeletal Muscle with Intact Nerve Supply: The normal 
skeletal muscle contraction is tetanic in character. According to 
Piper such a contraction is produced by stimuli entering the 
muscle at the rate of 40 to 120 per second. As can be readily 
demonstrated, these stimuli must all occur within a limited phase 
of the contraction cj’cle in order that a tetanic contraction be 
produced; hence the individual stimulus must necessarily be of 
short duration. 

1. Electrophysiology 

a. Chronaxie: hluscle is a highly irritable tissue, and its degree 
of irritability can be determined by electrical stimulation. 

When we speak of the electrical excitability of muscle, we 
immediately encounter difficulties. If electrodes are applied di- 
rectly to a muscle with intact innervation, the muscle is not stimu- 
lated directly but indirectly through its nerve. Hence unless 
curarization or single fiber preparations are used, or latent period 
measurements are taken, it is probable that most so-called direct 
stimulation of muscle actu^ly is Indirect stimulation. 

The response of an irritable tissue, such as muscle and nerve, 
to an electrical stimulus depends upon several factors: one, the 
form of the current, that is, its rate of rise; two, the current in- 
tensity; and three, the duration of current flow. Each of these 
factors has been employed to study electrical excitability of 
muscle. 

Lapicque has shown that all irritable tissues, whether normal 
or pathologic, have a reasonably constant threshold intensity, or 
rheobase, for the direct (galvanic) current. The time, however, 
that the threshold current must flow to produce a contraction 
varies widely with different tissues. 

Arbitrarily Lapicque doubled the experimental threshold cur- 
rent intensity in order to arrive at an intensity which would be 
adequate. Keeping this new current value constant, he measured 
the remaining variable — that is, the time this current must flow 
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to excite the muscle under study- The duration time thus ob- 
tained Lapicque tailed the ckronaxie of the muscle. Fig. 26. He 
established the fact that the normal skeletal muscle has a very 
short chronaxie, ranging from about .001 to .005 second 
Chronaxie has been used clinically as a measure of excitability 


50- 
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Fig 2d Diagram illusUaling exdlaUoa time, rheobise. and ctronarie. (From 
Wiggers, Carl J Physiology in Health and Disease, 2nd Edition Lea and 
Febiger, Philadelphia, 1927.) 

for the study of denervated muscle. Lapicque's critics have made 
it necessary to modify markedly Lapicque’s original concept of 
chronaxie. For example, it has been found that chronaxie will 
vary with such factors as size of electrodes, position of electrodes, 
and distance between electrodes. 

Lucas’* and Rushton*®’ have shown that at least two distinct 
strength-duration curves can be obtained from muscle under 
tePi^ experimeirta’i conditions, ftie so-called alpha and gamma 
excitability. Th^ have identified the alpha curve with muscle, 
"Lucas, K • J PhysioL J6.113, 1907 
•Rusbton, W A. H • J Physiol 74 424, 1932 
” Rushton, W. A. H. J Physiol 75 W1.44S, 1932 
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and the gamma curve with nerve. They also believe they are 
able to demonstrate a third or beta curve which they associate 
with the neuromuscular junction. The muscle curve is character- 
ized by a chronaxie ten to one hundred times that of*its motor 
nerve. It is interesting to note, however, that the rheobase value 



Fic. 27 A single contraction of a frog muscle produced by a single electric 
stimulus (From Carlson and Johnson The Machinery of the Body Univer* 
sity of Chicago Press, Cbiago, 1937 ) 


is less for muscle than for nerve Theoretically, it is predictable, 
according to Blair*’ that a lengthening of chronaxie will be accom- 
panied by a decreased rheobase unless a change in threshold 
occurs Hence, a slowing of excitabilty in the ordinary sense (i e , 
lengthening of chronaxie) is accompanied by a lowered rheobase. 
This means a decreased irritability to currents of short duration 
and an increased irritability to currents of long duration These 
relationships are apparent in the alpha and gamma curves of 
muscle. It is apparent in the strength-duration curves of muscles 
at different temperatures Lapicque originally denied the existence 
of the alpha curve but later reversed his opinion. He**’ ** stiff 
denies^ however, that the alpha curve is a true strength-duration 
curve, and states that chronaxies measured on it are false 
chronaxies. 

b The Single Stimulus: When a muscle is stimulated with a 

"Blau, H A Biological Symporfa Muscle 3 SI, 1941 
“Lapicque, L. J PhysioL 73 189, 1931 
“ Lapicque, L J Physiol 76 621, 1932 
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Single stimulus, the well known kymographic tracing of the re 
sultant muscle contraction, shown in Fig 27, is obtained The 
complete curve of muscle contraction consists of 3 phases the 
latent period, or the interval between the application of the 
stimulus and the beginning of contraction, the period of contrac 
tion, or shortening of the muscle, and the period of relaxation, or 
elongation of the muscle 

c The Summation of SUmtdt When a senes of successive 
stimuli IS applied to a muscle, an effect is produced which will vary 
according to the rapidity with which these stimuli follow each 
other If the interval following each stimulus be sufficiently long 
to enable the muscle to recover from the effects of the preceding 
stimulus there will be no change in the form or character of the 
contraction following each stimulus except for a slight increased 
irritability of the muscle durmg the early part of the contraction 
phase 

If however, a second stimulus is applied to a muscle during 
the period of contraction or early m the period of relaxation, a 
second contraction occurs, which is superimposed on the first, 
and the resultant contraction will be greater than that produced 
by either stimulus alone Experiment has shown that the greatest 
effect of a second stimulus is produced when the stimulus is 
applied during the last thud of the shortening phase of the 
contracting muscle The summation, or resultant, of the two com 
ponent contractions is almost twice as great as that produced by 
the single stimulus The effect on muscular contraction of re 
peated properly timed stimuli is known as the effect of summation 
of stimuli Fig 28 It has been demonstrated that normal muscle 
cannot attain its maximum shortening except through a summa 
tion of repeated stimuli (40 to 120 per second) 

d Tke‘'All or NoneTheory* The aC ornoncfficory of muscle 
contraction postulates that if a single muscle fiber is stimulated 
a maximum shortening or none at all of that fiber is obtained 
The degree to which a muscle contracts depends on the total 
number of fibers of that muscle which have been stimulated The 
rate of contraction is determined by the rate at which successive 
muscle fibers are stimulated If all the fibers are simultaneously 
stimulated, the contraction will be abrupt and shocklike But if 
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Fig 28 Diagram illustrating the summation of two contractions in difierent 
phases of contraction and relaxation. (From Wiggers, Carl J.; Physiology in 
Health and Disease, 2nd Fditioo Lea and Febiger, Philadelphia, 1937.) 

the fibers are progressively stimulated, the resultant contraction 
will be graduated, progressively increasing in degree until all the 
fibers have been stimulated This type of contraction simulates 
the normal contraction. 

2. Electric Current Most Effective for Stimulating Normal 
Skeletal Muscle 

Graduated contraction of normal skeletal muscle should the* 
oretically be secured best by means of a surging interrupted di- 
rect current with alternate polarity Such a current is illustrated in 
Fig. 29. To conform with the alUor-none theory, the current 
should surge gradually to a maximum intensity, so that the muscle 
fibers will be progressively stimulated to secure the desired degree 
of muscle contraction. During eadi surge of the current cycle, 
which corresponds to the phase of muscle contraction and re- 
laxation, the current should be interrupted in such a manner as to 
simulate the impulses which enter the normal skeletal muscle 
during volitional effort. Since, according to Piper, the number of 
impulses should range between 40 and 120 per second, the rate of 
interruption of the current should be within this range. 

With each surge of such a current, the muscle under stimula- 
tion will contract and relax. Each surge of current should be 
followed by a period of rest, i e., a period of no current flow. The 
ratio of the duration of current flow to that of no current flow 
should probably be two to one, as indicated in Fig. 29. 

To neutralize undesirable electrolytic effects due to an appred- 
able current intensity, which may persist for as long as six 
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Fw 29 Tbe thcotetjcaf current best suited for the stmiufaticm of skektaf 
muscle with intact nerve supply The Surging loternipted Direct Current 
with Alternate Polarity The interruptions are fretn 40 to 120 per second 
The frequency of surge ranges from 5 to 100 per nunute Each current surge 
u followed by a period during which no current flows (rest period) The ratio 
of the time of the surge of current to the lime no cutrent is flowing is about 
2 to 1 A complete cycle of variation consists of two surges of opposite polarity 
with their associated isoelectric periods as illustrated 

seconds, the polarity of the current at the completion of the 
contraction cycle is reversed. ITie current follows the same wave 
contour, completing the second half of the electrical cycle. 

The number of muscular contractions it is desired to secure 
per n^nute will vary. This variation is dependent op the functional 
condition of the niu«cde. The frequency of the induced contrac- 
tion cycle should range from five to one hundred per minute This 
corresponds to an electric cycle frequency of 2J^ to 50 per 
minute, or a surge frequency of 5 to 100 per minute. Such range 
of frequency should be adequate for all clinical requirements. 

A contraction will be obtained for each alternation of current, 
i e , One for the positive or anodal phase, and one for the negative 
or cathodal phase of the qrde. The magnitudes of the contrac- 
tions will not necessarily be the same, but will be in strict accord 
with the polar formula of the individual In the case of the normal 
skeletal muscle, the contraction obtained with the negative or 
cathodal phase of the current trill be greater than that obtained 
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with the anodal phase, and the magnitudes of the anodal and 
cathodal contractions will be in agreement with the polar formula. 

The original surging interrupted current, which is modified as 
described to produce a current theoretically best adapted for 
stimulation of normal skeletal muscle, may be sinusoidal in wave 
form, which means that the amplitude follows a definite law 
known as the sine law. Such a term, however, should not be ap- 
plied to a current unless the current definitely follows this law. 
The terras “slow sinusoidal” and “rapid sinusoidal” have been 
used as if they designated two distinct types of current, produc- 
ing quite different physiologic effects. The usage of such terms 
is unfortunate and confusing Obviously these terms should be 
used with discrimination The term “slow” or “rapid” refers 
merely to the number of alternations per minute, each alterna- 
tion producing one muscular contraction. The term relates only to 
the speed of contraction, which may be fast or slow, accor^ng 
to the physiologic activity of the muscle under stimulation. 

When stimulating musdes with an electric current, it is neces- 
sary to regulate the number of current alternations per minute 
and thereby the number of muscle contractions per minute. The 
rate of the induced contractions should be regulated to be in 
accord with the physiologic activity of the muscle. 

It is evident that it is extremely difficult to apply an accurately 
descriptive term to the current described, and illustrated in 
Fig. 29. Probably the term Surging Interrupted Direct Current 
with Alternate Polarity describes the current with sufficient ac- 
curacy to impart a clear concept of the current referred to. Such 
a current as we have described should stimulate a normal skeletal 
muscle to a maximum contraction with a minimum current in- 
tensity. 

B. Skeletal Muscle Deprived of Its Nerve Supply. (The 
Paralyzed Muscle.') 

1. Eiectrophysiology 

There are two diametrically opposed views as to the cause of 
atrophy in denervated muscle; one, that atrophy results from 
disuse, and the other, that it results from exhaustion. The theory 
for atrophy of disuse is support^ by two types of evidence: 
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Ftrst According to Tower,*® ** muscles which have an intact 
nerve supply but which are funcfaonally inactive because of im- 
mobilization in plaster, tenotomy, or isolation of the efferent in- 
nervation from all afferent stimuli, will undergo atrophy 
Second Contraction of deoervated muscJe either by passive 
motion or by active contraction produced by electrical stimula- 
tion will, according to Fischer,** Solandt and Magladery,** Kowar- 
schik and Nemec” and Gutmann and Guttmann,*® prevent or delay 
atrophy 

That denervation atrophy is simply a disuse atrophy, however, 
is contradicted by the following evidence 
First The atrophy of denervation, and the atrophy of disuse, 
although grossly indistinguishable, are histologically different, 
this fact indicates that the two processes are related but, accord 
mg to Tower, not identical 

Second Actually, denervatcd muscle is not at rest but is m a 
slate of continuous, fine, irregular fibrillation Functionally m 
active muscle with intact innervation does not fibnllate This 
fibrillation was first described by SchiH,*^ in 185J, and has more 
recently been studied by Solandt and Magladery,** Langley and 
Kato,” and Hayes and Woolsey” Langley** and Hartman and 

“Tower S S Trophic Coolro) oI Non Nervous Tissues by Nervous Sys- 
tems Sludy of Muscle and Bone Innervation From Isolated and Quiescent 
Region of Spinal Cord J Comp Neurol 67 241 (Aug ) 1937 
"Tower S S Reaction of Muscle ol Denervation Physiol Rev 19 
(Jan) 1939 

” Fischer E Effect of Faradic and Galvanic Stimulation Upon Course of 
Atrophy in Denervated Skeletal Muscles Am J Physiol 127 605 (Nov) 
1939 

“ Solandt D Y Magladery J W Relation of Atrophy to Fibrillation in 
Denervated Muscle Bram 63 255 (Sept ) 1940 
“Kowarschik J Nemec H Fortschntle der elektnschen Lahmungs- 
behandlung Munchen med. Wchnschr 88 269 (March 7) 1941 
" Gutmann Ernest GultmaoB Ludvig Effect of Electrotherapy on Dener 
vated Muscles m Rabbits Lancet 1 169 (Feb 7) 1942 
“Tower S S ReacUon of Muscle to Denervation PiysioJ Rev 39 
(Jan ) 1939 

"Schiff M Arch f Physiol Ifcilkunde 10 S79 665 1851 
“ Solandt D Y Magladery J W Relation of Atrophy to Fibrillation in 
Denervated Muscle Brain 63 255 (SepL) t940 
** Langley J N , Kato T The Rale <rf Loss of Weight in Skeletal Muscle 
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Blatz,*^ failing to demonstrate any beneficial effect from passive 
motion or electrical stimulation suggested that denervation atro 
phy is fatigue atrophy resulting from continuous fibrillation 
Tower,** who in 1939 reviewed the literature, also supported the 
fatigue theory of atrophy The evidence which may be cited in 
support of this view is as follows 
One Langley** has shown that denervated frog muscle does not 
fibnllate, neither does it atrophy 

Two According to Langley and Itagaki*’ and Knowiton and 
Hines, the oxygen consumption of denervated muscle is greater 
than that of normal muscle 

Three Levine, Hechter, and Soskin*' stated that the biochemical 
changes accompanying atrophy are those characteristic of fatigue 
Four In the denervated gastrocnemius muscle of the rat, 
Levine, Goodfriend, and SosUn** found that prostigmine increased 
fibrillation and also increased the rale of atrophy, whereas atro 
pine, which diminished fibrillation decreased the rate of atrophy 
markedly Their results, however, are not in agreement with 


After Nerve Sections With Some Obserxations on the Effect of Stimulation 
and Other Treatment J Pfaj-sioJ 49 432 1915 

*Ha>es G J Woolsey C N The Unit of Fibnllary Activity and the 
Site of Ongio of Fibnllary CcotracUoDs lo Denervated Striated hluscle 
Fed. Proc. Fed Am Soc Biol I Part t pp 38 (March 16) 1942 

“Lanfley J N Observations on Denen'aled Muscle J Physiol SO 335 
(July) 1916 

" Hartman F A Blala W E Studies in the Regeneration of Denervated 
Sfammalian Muscle III Effects of Massage and Electrical Treatment J 
PhysioL S3 290 1919 20 

“Langley J N P Observations on Denervated Muscle J Physiol 50 335 
(July) 1916 

“Langley J N Itagaki M *1116 Oxygen Use of Denervaled Musde J 
Physiol 51 202 1917 

** Knowiton G C Hines H M Resp ratory Metabolism of Atrophic 
Afosefe Am J f4ysiof 109 200 (Aug) 19S4 

“Levine R Hechter 0 and Soslan S Biochemical Characteristics of 
Denervated Skeletal Muscle at Rest and After Direct SUmulaUon Am J 
Physiol 132 326 (March) 1941 

“Levme R. Goodfnend J Soskm S Influence of Prostigmm Atropne 
and Other Substances on Fibnllation and Atrophy m Denervated Skeletal 
Muscle of Rat Am. J PhysioL 13S 747 (Feb ) 1942 
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those of Solaudt and Magladety,^ ’who stopped ftbrillation with 
quinine and failed to observe any decrease in the rate of atrophy. 

Five The time of onset of fibrillation coincides with the be- 
ginning of atrophy and the biochemical changes of fatigue. 

If denervation atrophy is due to exhaustion, the contraction of 
muscle by electrical stimulation certainly appears to be contra- 
indicated However, it is possible that electrical stimulation may 
be of value m other ways than in the production of contraction; 
it may decrease or abolish fibrillation or it may increase blood 
flow through the muscle and improve its nutrition. The work of 
Solandt and Magladery** and Hartman and Blatz*® would seem 
to indicate that electrical stimulation has little or no effect on the 
fibrillation of denervated muscle As far as we know, no one has 
studied the effects of stimulation per se (i e , independent of 
contraction) on actual blood flow. 

A muscle deprived of its nerve supply shows the Reaction of 
Degeneratton. Such a muscle exhibits a slow, sluggish contraction 
—a contraction quite similar to that of the normal involuntary or 
smooth muscle Clinical experience has demonstrated to us that 
the current we have found effective for stimulating paralyzed 
muscle is just as effective for stimulating smooth or involuntary 
muscle On the contrary, this current is not adapted to the stimu- 
lation of normal skeletal muscle Hence, one might conclude that 
there is a similarity between the dectrophysiology of paralyzed 
muscle and smooth, or involuntary, muscle so far as electric stimu- 
lation is concerned Therefore, we shall consider the stimulation 
of paralyzed muscle in comparison with the effect of electric 
currents m exciting contraction in smooth muscle 
a. Chronasie At present no well controlled study of the 
strength-duration curve throughout the course of atrophy has 
been presented The available evidence, however, indicates that 

"Solandt, D Y , Magladery, J \V Relation of Atrophy to Fibrilialion in 
Denervated Muscle Brain 63 255 (Sept) 1940 
“Solandt, D Y , Migladery, J W Rel&Univ ot Atrophy to Fih’nUitwsn in 
Denervated Muscle Brain 63 255 (Sept ) 1940 
“Hartman, F A , and Blatz, TV E Studies in the Regeneration of Dener 
vated Mammalian Muscle 111 Effects of Massage and Electneal Treatment 
J Physiol S3 290, 1919'’20 
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the short chronaxje of a normal muscle 15 abruptly replaced, 
without preliminary modification, by a lengthened chronaxie 10 
to 100 times the normal ** It is possible, therefore, that the length 
ened chronaxie, which appears rather suddenly, represents the 
true muscle excitability of Lucas and Rushton The research of 
Rosenbleuth and Dempsey*^ supports this concept Rosenbleuth 
reports that no change occurs m the chronaxie of nerve during 
the first four days following section, but after the first four days, 
neuromuscular transmission suddenly ceases Reports do not agree 
on the rheobase changes occurring in denervated muscles Theo 
retically, one would expect a decrease 
A less well known method of evaluating muscle excitability is 
to determine the current intensity and the time at which the 
threshold contraction occurs for currents increasing linearly at 
different rates This method of studying muscle excitability has 
been extensively employed by Lucas, Fabre,^* and Blair®® Its 
employment as a diagnostic test m peripheral nerve injuries has 
recently been suggested by Bauwcns *' ** 

A third method of studying electrical excitability is the de- 
termination of the strength frequency function This has been 
studied extensively on normal muscle and nerve by A V Hill,®* 
Acheles,” Lulhes,** Coppee ** Koch” and Katz ®* It would appear 
that this type of test has a more direct bearing on the choice of 
current for stimulation than any other Yet it has not been ap 
plied clinically as far as we know That the three tests are all 

“Langley J N J Physiol 50 335 1916 

“Rosenbleuth A Dempsey E.W Am J Physiol 128 19 1939 

"Lucas K J Physiol 36 253 1907 

"Fabre P C R Acad Sci Pans 184 699 1486 1927 

"Blair H. A Am J Physiol 3 515 1935 

"Bauwens P Proc Roy Soc Med (London) 34 459 1941 

"Bauwens P BnL J Phys Med 4 ISO 1941 

“ Hill A V Kau B and Solandt D Y Proc Roy Soc Med (London) 
B 121 74 1936 

"Acheles J Arch ges Physiol (Pflngcrs) 224 217 1930 

"Lulbes H Arch, f d. ges Physiol 225 98 1930 

"Copped G Cold Spnng Harbor Symposia 4 150 1936 

" Koch H. Renqoist Y Skandinav Arch of Physiol 59 266 278 1930 

** Katz B J Physiol 96 202 1939 
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interrelated and depend upon the fliree basic factors in electric 
excitation will become obvious upon closer examination Thus a 
change in the frequency of a sine wave stimulus involves 
One A change in the rate of rise of the individual pulse, and 
Two A change in the duration of each pulse 
There is no standard method for the expression and compari- 
son of exatability Perhaps the most familiar clinical test is that 
of Erb, which measures galvanic and faradic excitability. Others 
have employed chronaxie measurements Recently Moor’* and 
Watkins*’ have studied the entire strength-duration or voltage- 
capacity curves Hill," ** “Monnier,** Blair,*' ** and Rashevsky*’ 
have presented some theoretical treatments of electrical excitabil- 
ity which allow the latter to be expressed in fairly quantitative 
terms bearing some theoretical and perhaps practical significance 
These theories all are basically very similar and are founded on 
simple principles which make no attempt to explain the actual 
physical or biologic nature of the process, but simply allow exist* 
mg excitability data to be treated quantitatively. 

The chronaxie of a paralyzed muscle, like that of a smooth 
muscle, is from 20 to 100 times as long as that of a skeletal 
muscle with an intact nerve supply. A tetanizing (faradic) cur- 
rent which has a relatively high frequency of alternation fails to 
stimulate a paralyzed or smooth muscle, because the duration of 
current flow is too short 

b The Single Stmulus: The kymographic tracing of the con- 
traction of a paralyzed skeletal muscle resulting from a single 
stimulus, like the contraction of a smooth or involuntary muscle, 
is similar to that of the normal skeletal muscle shown in Fig 27, 

" Moot, F B , Dail, C W , and Kellogg, K Arch Phys Therapy 21 396, 
1940 

"Watkins, A.L Arch Phys Therapy 21 76.1942 

" Hill, A V , Katz, B , and Solaodt, D Y Proc Roy Soc Med (London) 
B 121 74, 1936 

“ WA, V Pm Wtjy Soc Tflei YtmAon'^ TO Wi'o 
"HiU A. V Proc Roy Soc. Med London B 119 440, 1936 
*‘Monnier, A M LTIxcitattoa Electnque des Tissue Hetmann Pans, 
1934 

* Blau, H A Am J Physiol 3 SIS, 1935 
" Blair, H A. Cold Spring Harbor Symposia 4 63, 1936 
"Rashevsky, N Cold Sprmg Harbor Symposia 4 90, 1936 
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except that each of the three phases, namely, latent, contraction, 
and relaxation, is proportionatdy lengthened 

c. The Simmai'ion 0 } StmuU: In the case of smooth muscle and 
paralyzed muscle, there is no summation of stimuli as previously 
described for normal skeletal muscle. Such muscles apparently 
contract as the result of a singje stimulus. To secure repeated 
contractions, the stimulus is repeated from 10 to 20 times per 
minute. 

d The **AU‘OT~None‘* Theory: This theory holds for the 
stimulation of the fibers of paralyzed and smooth muscles, just 
as it does for the stimulation of normal skeletal muscles 

2. Electric Current Eest Suited for Stimulation of a Muscle 
Deprived of Us Nerve Supply. 

The intensity of the current used for stimulation of paralyzed 
muscles should be gradually Increased to the desired maximum 
and then gradually decreased to zero This variation provides a 
single stimulus The succeeding stimulus should consist of a 
similar current variation but of opposite polarity. Such a Surging 
Uninterrupted Direct Current with Alternate Polarity is illus- 
trated in Fig 30 



without nerve supply The Surging Ohmterrupled Direct Current with AJfer- 
nate Polarity Surge frequency, lO to 20 pec minute Each surge of current 
IS followed by a rest penod The ratio of the time of the surge of current to 
the tune no current is flowing is about 2 to 1 
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The current should be perfectly smooth and devoid of all 
interruptions The duration of each surge that has been found 
effective ranges from 3 to 6 seconds Each surge of current is 
followed by a period of test or of no current flow, as indicated 
in Fig 30 The maximum or peak intensity of the current should 
be such as will secure the desired contraction The effectiveness 
of this type of current may be due to the fact that in each cycle 



Fic 31 Diagram showing that to each surge of current represented in Fig 
30 there ate ojirent flows of appropriate duration and of sufficient intensity 
to secure full contraction of a muscle with unpaired nerve supply 


there are current flows of appropriate duration and of sufficient 
intensity to secure fuU coattactiou of the muscle Fig 31 On 
the other hand the effectaveness of an electric current in eliciting 
a response m a deoervated muscle may be due to the rale of rise 
of the current and its duration of flow For the normal muscle, 
A V Hill has shown that an uistanlaneous rise is best for stimu 
lation (See Fig 29, page 114) 

The number of induced musde contractions per minute must 
not be greater than that which wjJJ permit cowpJete relaxstioo of 
the muscle between the aj^hcabon of successive stimuli Since the 
response of paralyzed muscle is slu^sh, the number of contrac 
tions induced per minute should be few, therefore, the term “slow 
sinusoidal current has frequently been used to designate the 
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type of current which produces the desired number of contrac- 
tions per minute without regard to whether it follows the sine law. 
Such a current is more accuratdy described as a Surging Uwn~ 
terrupted Direct Current with Alternate Polarity, The frequency 
of this alternating current diould be sufficiently low, and the 
rest period sufficiently long, to assure complete relaxation of the 
muscle between successive contractions. 



Fia 32. A sinusoidal current. Instaotaoeous current J equals maximum or 
peak current I limes the sine of the angle O, or t = 1 sine 0 


A true sinusoidal current follows a definite mathematical varia- 
tion. The amplitude of such a current is directly proportional to 
the sine of an angle, being zero at 0®, a positive maximum at 90°, 
zero at 180°, a negative maximum at 270°, and zero at 360°. 
This variation constitutes a complete cycle. Such an alternating 
current is depicted in Fig. 32. The value of the current at any 
instant equals the maximum, or peak, value multiplied by the 
sine of the angle. In Fig. 32, let us assume that the current has 
a maximum value of 10 milliamperes. The instantaneous value 
of the current, 0 degrees after the beginning of the cycle, is 10 
times the sine of 0°. If 0 is 60°, the instantaneous value is 10 
times the sine of 60® or*fO tunes 0 866 or 8.66 milliamperes 
The current used for the stimulation of muscles may or may 
not follow the sine law. Only when such currents follow this law 
should they be designated sinusoidal currents. In fact, few cur- 
rents used for muscle stimulation follow this law, and there is 
no evidence that they should. It may be that the wave form of 



124 


TECHNIC OP ELECXEOTHERAPY 


the ideal current for the stimulation of paralyzed muscles should 
approximate that of the curve of muscle contraction. 

C. Smooth or Involuntary Musde. It has been claimed, al- 
though without conclusive proof, that peristalsis of the intestinal 
tract can be directly induced by electrical stimulation The surg- 
ing uninterrupted direct current with alternate polarity, de- 
scribed above, is used for this purpose. Whenever any smooth or 
involuntary musde is to be stimulated, this current should be used 

III Summary The types of current fully adequate and most 
desirable in dinical practice for the electrical stimulation of 
muscles are, in our opinion: 

A The Surging Interrupted Direct Current with Alternate 
Polarity, having a surge frequency of 5 to 100 per minute and 
being interrupted from 40 to 120 times per second Fig 29 

B The Surging Uninterrupted Direct Current wUh Alternate 
Polarity, having a surge frequency of from 5 to 20 per minute 
Fig 30 
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I Introduction Musdes can be stimulated more or less 
effectively by electric currents having characteristics differing 
somewhat from those described in Section One as being ideal 
The ffrllowiQg classification and nomenclature of the currents in 
present use, based on application, is suggested in an endeavor 
to danfy the present chaotic terminology 

A Skeletal Musdes with Intact Nerve Supply 

1 Teiamzing (Faradtc) Current 
a Interrupted 

(1) Manually 

(2) Mechanically 
b Surged 

(1) Manually 

(2) Mechanically 

2 Direct (Galvanic) Current 
a Interrupted 

(1) Manually 

(2) Mechanically 

b Surging Interrupted Direct Current with Constant 

Polarity 

c Surging Interrupted Direct Current with Alternate 

Polarity 
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B Skeletal Muscles Without Nerve Supply (Paralyzed 
Muscles) 

1 Direct Current 
a Interrupted 

(1) Manually 

(2) Mechanically 

b Surging Uninterrupted Direct Current with Constant 
Polarity 

c Surging Uninterrupted Direct Current with Alternate 
Polarity 

II Discussion of Commonly Employed Muscle Stimu 
LATINO Currents Classified According to Their Use 

A For Skeletal Muscle with Intact Nerve Supply 
1 Tetanizmg or Faradic Current A tetamzing (faradic) cur 
rent is an alternating current either symmetrical or unsymmetri 
cal of relatively high frequen<^ which on continuous application 
to a muscle produces a tetanic contraction of the muscle Fig 33 
It has been the practice to secure such a current from the second 
ary of an induction coil employing some type of interrupter m the 
primary circuit such as the Bristow coil and the Morton Smart 
apparatus Equally effective tetanizmg currents can be obtained 
by other means Hereafter all currents producing tetanic con 
traction regardless of the manner m which they are generated 
will be designated as tetanizmg currents 
To secure repeated contractions with intervals of rest the 
current must be either interrupted or surged 
a Interrupted (1) Manually The standard muscle stimulat 
mg electrode equipped with a make and break key is employed 
for this purpose The electrode is applied to the motor point 
of the muscle to be stimulated with the dispersive electrode ap 
plied to some convenient part of the body and connected to the 
remaining patient terminal By opening and closing the circuit 
repeated contractions of the desired frequency are obtained 
b Surged (1) Manually The iron core is rhythmically 
moved in and out of the coil by the operator s free hand while 
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coil at Ibe maVe ud breaV 

Fig 33 Diagram of a tetanmng or faradic current as obtained from an indue 
tion coil (From Kovacs, Richard E3ectrolherapy and Light Therapy, 4tb 
Edition Lea and Febiger, Philadelphia, 19-42 ) 
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the active electrode is held in place on the muscles to be stimu- 
lated. The current intensity is thus gradually varied, increasing 
it to a maximum and then decreasing it gradually to zero The 
motion should not be abrupt, but uniform. Fig. 34. 

(2) Mechanically Various types of current controlling de- 
vices are employed to produce automatically, without manual 



Fia 34 Diagram of a manually surged leUruaiog or faradic current The 
contour, which is determined by the peaks of the secondary current, will 
depend on the uniformity and the rate at which the core of the induction toil 
IS moved 

manipulation, a surging tetanlzing or faradic current Typical 
devices of this nature are: 

(a) The "Wall Plate'': The various devices employed for the 
generation, control, and automatic surging of a faradic current 
are frequently mounted on a panel or “plate" of insulating ma- 
terial, designed to be mounted permanently on a wall, hence the 
term “wall plate” to designate such an assembly Fig 35. The 
so called wall plate requires a source of direct current, and is 
usually employed only when there is available a direct current 
lighting circuit. Such um'ts are provided also with appropriate 
potentiometers, rheostats, and meters, whereby a direct current 
may be made available, controlled, and measured Other devices 
on the plate are an induction coil to provide a faradic current and 
some type of current interrupter, together with an automatically 
varied resistance, to control the surge of the current. Such plates 




provide a direct current, at. interrupted direct current, a surging 
direct current, a so-called laradic entreat, an interrupted {aradic 
current, and a surgvug faradic current 
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(b) Modern wave generators. Such generators, designed for 
operation on the ordinary lighting circuit, provide means whereby 
the current received from the supply Hues may be converted into 
rhythmically surged faradic currents, in addition to means for 
producing various other types of currents for electric muscle 
stimulation and direct current applications The frequency of 
surge can usually be varied from about S to 100 per minute. The 
contour wave usually approximates a sine wave Some of these 
generators employ motor-generator sets, and others vacuum tube 
circuits with requisite auxiliary devices for producing the desired 
currents. The Sine-O-Tron, illustrated in Fig 36, is representative 
of this type of generator Such equipment has largely replaced 
the so called “wall-plate” and the manually operated induction 
coils 

2. Direct (Galvanic) Current- Such a current is obtained from 
a direct current generator or from a radio “B” battery (Part A — 
Direct Current, page 4) 



Fig 37 Schematic diagram of the mterrupted direct current and the muscle 
contraction induced at the establishment, or make of the current Contraction 
is sharp, shock like, and unsustained Ko contraction usually occurs at the 
opening or break of the circuit for the cunent intensity ordinarily employed 
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a Interrupted- (1) Manually. A standard active electrode, 
equipped with a manually operated make-and-break key, is con- 
nected to the appropriate terminal of the generator and applied to 
the muscle, with dispersive electrode properly applied and con- 
nected With an adequate current intensity, the muscle contracts 
each time the key is closed. The contraction is sharp and shock- 
hke, single and unsustained, and does not simulate the normal, 
voluntary muscle action Fig 37. (2) Mechanically. The current 
IS interrupted by means of a rheotome or some such automatic 
interruptor. 

b Surging Interrupted Direct Current with Constant Polarity: 
The frequency of surge to be used will depend on the physiologic 
activity of the muscle to be stimulated; this may range from 
approximately 5 to 100 pet minute. The interruptions of the cur- 
rent should be from 40 to 120 per second This type of current 
can be used wheneVer definite polar effects are desired in addition 
to the muscular contraction It may be schematically represented 
as shown in Fig 38 



Fro 38 Surging Interrupted Direct Current n.ith Constant Polarity The 
rate of interruption is 40 In 120 per second, and the number of surges 5 to 
100 per minute A complete muscle contraction is obtained with each surge 
This current is used when polar effects are desired in addition to contraction 


c Surging Interrupted Direct Current with Alternate Polarity. 
The frequency of surge and the frequency of interruption of the 
current should be as described in the preceding paragraph. This 
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current was described fully in Section One, page 113 Also see 
Fig. 29, page 114 

Devices for the electrical stimulation of muscles frequently pro- 
vide a current such as that shown in Fig 39. This current can be 
described as a modulated alternating current. The frequency of 
the altemaling current is relatively high, usually a multiple of 60, 
the most common being 240, 360, and 420 cycles per second The 
frequency of the modulatingnaveissuch that contractions of from 
5 to 100 per minute are obtained. The form of the modulating 
wave is usually flat-topped, producing a modulated current of the 
“dwell-type” shown in Fig 39 



Fic 39 A modulated alternatiDg current 


The rate of alternation of Ibis current is too rapid to comply 
with physiological requirements. There is no evidence available for 
the use of such a current Moreover, during a recent investigation, 
conducted at Northwestern University Medical School, of various 
types of currents for the stimulation of muscles, observations were 
made which indicated that sudi a current might produce injurious 
effects (Unpublished data ) 

B. For Skeletal Muscles Deprived oj Their Nerve Supply 
(Paralyzed Muscles) 

As previously stated, such muscles contract with a slow, slug- 
gish, wormlike (vermicular) contraction Their chronaxie is long 
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The current best suited to stimulate paralyzed muscles is devoid 
of interruptions it should be perfectly smooth and gradual in its 
variation m intensity A tetamong or so called faradic current, 
having rapid or abrupt changes in current intensity, cannot be 
used for stimulating paralyzed muscles Electric currents most fre 
quently employed for this purpose are 

I Direct (Galvanic) Current 

a Interrupted (1) Manually, as previously described Fig 
37 For reasons already presented, the shock like stimulus im 
parted by this current to a paralyzed muscle would not seem 
desirable (2) Mechanically by means of aiheotomeor some such 
mechanical interrupter as already described A mechanically in 
terrupted direct current is no more desirable from the viewpoint 
of the type of contraction obtained than is a manually interrupted 
direct current 

b Surging Uninterrupted Direct Current with Constant Polar 
tty Such a current is used when polar effects are desirable in 
addition to muscular contraction Furthermore, a current of this 
type may be indicated when a muscle shows a polar reversal 
(CCC < ACC), for such a muscle can be stimulated with less 
current if the active electrode remains positive throughout the 
entire application This current is represented schematically in 
Fig 40 
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c. Surging Uninterrupted Direct Current with Alternate Polar- 
ity (So-called Slow Sinusoidal Current): The rationale for the 
use of this current has already been discussed, Section One, page 
I2I. See also Fig 30. This current, according to our experience, 
approaches the ideal current for stimulating paralyzed muscles. 
The frequency of surge to be employed depends on the rate at 
which the muscle passes through a complete contraction cycle; it 
lies within the probable range of 5 to 20 per minute. 

III. Essential Currents for the Electrical Stimulation 
OF Muscles 

A. Direct Current 

B. Tetanhing or Foradtc Current. Section Two, Fig. 33. 

C. Surging Uninterrupted Direct Current with Constant Polar- 
ity, Section Tno, Fig. 40 

D. Surging Uninterrupted Direct Current with Alternate Polar- 
ity. Section One, Fig. 30. 

E. Surging Interrupted Direct Current with Constant Polarity. 
Section Two, Fig. 36. 

F. Surging Interrupted Direct Current with Alternate Polarity 
Section One, Fig 29. 

I\^. Experiment — (To be performed by the student under the 
supervision of an instructor) 

Muscular Reactions to the Uninterrupted and the Interrupted 
Surging Direct Current With Alternate Polarity 

Oifect: 

1. To demonstrate by iontophoresis the polarity reversal of 
the current. 

2. To demonstrate the difference in muscular contraction in- 
duced by an uninterrupted and by an interrupted surging 
direct current with alternate polarity. 
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Apparatus 

1 Generator of muscle slimulatmg currents 

2 Several good grade white blotters 

3 A solution of 20 per cent potassium iodide 

4 Two chamois covered metal hand electrodes 

5 Two wood spring clothedine dips 

Procedure 

1 Saturate a blotter with potassium iodide Connect two con 
ducting cords to the output terminals of the generator Select a 
surging direct current with reversal of polarity following each 
surge Be sure the miUiammeler is connected for high current read 
mg (0 to ISO ma ), and that the cord terminals are not brought in 
direct contact, because a short arcuit produced in this manner 
might rum the meter With the terminals of the conducting cords 
held by the wood clothesline dips for insulation, draw the tips of 
both terminals slowly down the blotting paper with uniform speed, 
describing parallel paths Use suffiaendy high current to obtain 
the liberation of iodine Plot to scale on cross section paper the 
resulting graph, which will be similar to that shown m Fig 41 



Fig 41 Demonstration of polanty reversal by the I beration of iodine during 
the positive phase Solid lines indicate bto»n stain of the liberated iodine at 
the positive electrode The dotted line represents the liberation of potassium 
at tbe negative electrode which produces no discoloration 
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2. Connect the two chamois-covered metal hand electrodes to 
the terminals of the conducting cords, having previously saturated 
the chamois covering in a warm saline solution. Moisten the sub- 
ject’s hands. Place an electrode in each hand, and have the sub- 
ject stand with arms fully relaxed. Select in succession: 

a. An uninterrupted direct current with alternate polarity. 

b. An interrupted direct current with alternate polarity. 

Set the machine so that the subject receives approximately 20 
surges per minute. Connect meter to read on low scale (0 to 15 
ma.) . Increase the current gradually to tolerance, and record your 
observations in Table 12. Vary the number of surges per minute 
and note the effect. 

Observations: 

1. Demonstration of Polarity Change: It will be observed from 
the liberation of iodine that the polarity of the electrode in each 
hand is alternately positive and negative, and also that while the 
polarity of one hand is positive, the polarity of the other is nega- 
tive. Fig. 41. In this experiment the electrodes are alternately 
positive and negative. When the left hand electrode is at a given 
positive electrical potential, the right hand electrode is at an equal 
negative potential. At points equidistant from the electrodes, the 
electric potential is zero. The difference in potential between the 
two electrodes is equal to the positive potential of the one minus 
the negative potential of the other. If we assume the left hand 
electrode is at a potential of -j-lO volts when its positive potential 
is greatest, the right hand electrode will be at a potential of — 10 
volts at this instant, and the difference in potential wiE be 
10 — ( — 10) or 20 volts. This is the voltage read at that instant 
on a voltmeter connected across the electrodes. In Fig 42 is shown 
schematically the potential variation of the electrodes and the 
liberation of iodine during the positive phase. 

2. Tissue Reactions: Data «milar to that recorded in Table 12 
should be secured on a number of subjects, and the table com- 
pleted. 

It will be observed that the sui^ng uninterrupted direct current 
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Fie 42 Schematic representation of the potential variation of the electrodes 
and the I heration of lodme dunng the pos Uve phase for a surging uninter 
nipted direct current with aJleraalc polarity Ft, repre'ents the potential of 
the left hand electrode and F> that of the right hand electrode. P P is the 
dfference in potential between the two electrodes The line PG shows the 
potential at points between the electrodes and is called the potential gradient 
At points m dway between the electrodes (assuming the dielectric between 
the electrodes to be bomogeneous) the potential will be zero 

with alternate polarity (so called sinusoidal current) is relatively 
ineffective for producing contraction of normal skeletal muscle 
On the other hand the surging interrupted direct current with 
alternate polarity produces marked contractions It is obvious that 
this difference m muscle stimulation is not entirely due to either 
current intensity or voltage as read by meters, for m all instances 
the current reading was markedly higher, and the voltage reading 
much higher, when the uninterrupted current was used The aver 
age ratio of current intensities will be found to be about 3 to 1 



It should also be noted that when the uninterrupted current was 
used, a sense of heat was eventually felt in the wrists and fore- 
arms, which occurred after the subject’s resistance was at a mini- 
mum On the other hand, no such sensation could be noted when 
using the interrupted type of current A surging direct current, 
interrupted at the rate of 40 to 120 times per second, more nearly 
meets the chronaxie requirement of the normal skeletal muscle 
than does the uninterrupted type of current as already explained 
Hence, with such a current a maximal contraction can be secured 
with a minimal current intensity. Obviously, therefore, less heat 
should be generated by this current. 

Furthermore, close observation will show that for each surge of 
the current the muscles of one arm will contract more vigorously 
than those of the other. The more vigorous contraction occurs 
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during the negative phase This illustrates the normal polar for 
mula for muscle contraction, CCC y> ACC The degree of differ 
ence will vary somewhat with different individuals 

Conclusion 

A surging interrupted direct current with alternate polarity is 
best suited for stimulating normal skeletal muscle 
Note 

Each of the various currents on the machine should be similarly 
tested In this manner, an approximate idea can be obtained as to 
how each current may, or may not, differ from the other from the 
viewpoint of producing contraction In this way, data can be se 
cured to aid m selecting the best current on a particular machine 
for stimulating the normal skeletal muscle The cunent selected 
should be that current which produces the maximal contraction 
with minimal current intensity 
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I Disorders of the Nervous System In using electrical 
stimulation for the treatment of muscles involved in nerve in 
Junes, consideration must be given to the foUoTnng important 
pomts 

1 The patient should never be penmlted to fall into a false 
sense of security Treatment by stimulation should not pre 
dude an ochve effort on the part of the patient 

2 Stimulation of a musde should be carefully prescribed and 
undertaken only by those properly trained in this field 

3 In the treatment of lower motor nerve lesions, fatigue should 
be carefully avoided 

4 Electrical stimulation should be used m combination with 
heat, massage, and re^ucation of the muscles 

5 A musde cannot function unless the nerve supply returns, 
and it IS doubtful whether any of the above measures ma 
tenally shortens the period of regeneration Their use is im 
portant, however, to keep the muscles m as good condition 
as possible until function returns 

6 Physiological rest must be provided at all times, induding 
the period of treatment 
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A. Lesions of Lower Motor Neurons Lower motor neurons 
have their origin in the anterior horn cells of the spinal cord, 
their terminal branches enter the skeletal muscles and terminate 
in the motor end plate The cell is the life center of neuron ac- 
tivity If, because of the effects of infection, or, if, as the result 
of trauma, the nerve is separated from its cells, the nerve fibers 
will gradually degenerate, and the degeneration will extend clear 
to the terminal endings (Wallerian degeneration ) If the lesion 
is distal to the cell, then degeneration of the nerve occurs pe- 
ripherally below the lesion, and for a very short distance centrally 
(toward the cell); in addition, other changes occur in the intra- 
cellular elements of the cell body, which for this discussion need 
not be considered. Nerve cells do not regenerate, and so, if the 
cells are destroyed, their nerve fibers will not recover, or re- 
generate, no matter what treatment may be instituted. On the 
other hand, if the effects of infection arc overcome and the se- 
quellae of trauma repaired, so that a pathway is clear for the 
regeneration of new fibers down the empty nerve sheath either 
from the cell or from the central stump, then regeneration takes 
place and anatomical recovery occurs even without treatment, 
functional recovery, however, may not occur without adequate 
treatment. 

The object of treatment then is to maintain the best possible 
conditions while regeneration is in process According to histo- 
palhologists, there is no way by which we can accelerate the 
normal process of regeneration of nerves, which normally occurs, 
they state, at approximately one to two mlllimeteTS a day Never- 
theless, much can be accomplished by appropriate treatment to 
keep the condition of the muscles such that when regeneration 
does occur, the muscles are ready to resume their function im- 
mediately. Before the Royal Society of Medicine, Bauwens* 
recently stated 

With regard to the value of artificially produced muscle excrase in 
paralysis, on the assumption that funcHon improves the organ, I believe 

‘ Bauwens, P. Electro-Diagnoas and Electrotherapy in Peripheral 
Ner\e Lesions Proc Roy Soc Med 34 459-468 (June) 1941 
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in electrical stimulation of paralyzed muscles, for although it does not 
prevent atrophy, circulation and nutrition are impro^'ed. To be cffec- 
ti\’e and non'injurious it is important to use a technic which will not 
produce contractions in normal mu<5des surrounding and opposing the 
paridyzed ones Fatigue must be avoided by allowing long pauses of rest 
between contractions which should be few in number. 

Flaccid paralysis is the outstanding sign common to all lower 
motor neuron lesions regardless of etiology. The lesions may re- 
sult from radically different causes, such as: infections, for in- 
stance, infantile paralysis; the sequellae of infectious diseases 
with resulting polyneuritis, a physiological block as a result of 
continuous pressure from tumors, plaster casts, or even crutches; 
and traumatic injuries of a minor or major nature. The location 
of the pathological condition may be anywhere from the anterior 
horn cells, as in anterior poliomyelitis, to the terminal nerve end- 
ings in the muscles themselves. However, Te%ardless of these dif- 
ferences, the principles of treatment are essentially the same for 
all lower motor neuron disorders If the nerve cell is present and 
the nerve sheath is intact, the axis cylinder will regenerate with 
or without treatment. The end or functional result, however, will 
depend on the care and treatment accorded to the paralyzed mus- 
cles involved It is necessary, therefore, to devote our entire 
attention to the muscles — ^wbile nature is attending to the nerve 
regeneration. 

The use of electrical musde stimulation as one of the thera- 
peutic measures to be followed in the treatment of poliomyelitis 
should be given special consideration Once the acute and sub- 
acute stage has subsided and it is safe to use physical therapy 
treatment, then electrical muscle stimulation can be used for those 
muscles showing complete paralysis; but for those muscles which 
exhibit a condition of paresis, rather than complete paralysis, 
electrical muscle stimulation should be attempted only by those 
who are sufficiently expert to select the electric current best suited 
to fit into the ebronaxie of the paralyzed fibers — otherwise it is 
better not to use this form of therapy. 

The muscles of patients suffering with polyneuritis of the type 
that demonstrates a physl<rfopc loss of function but in which the 



144 TECHNIC OP ELECTROTHERAPy 

anatomical continuity of the nerve is present, do not show the 
reaction of degeneration, in fact, they show a state of hvper 
excitability The muscles of these patients should not be stimu 
lated by electric current until after the acute and subacute stages 

1 Object oj Treatment 

a To maintain as much as possible the tone and nutrition of 
the affected muscles 

b To prevent as much as possible atrophy of the muscles by 
rhythmical contraction According to Tinel, this will assist in pre 
venting subsequent deformity 

c To maintain as much as possible the state of muscle irrita 
bility during the period of time that nerve regeneration is taking 
place so that when the new nerve fibers reach the muscle it will 
be able to resume immediately its normal function 

d Tinel states that electrical stimulation actually hastens the 
rate of nerve regeneration Whether the rate of nerve regeneration 
IS accelerated by electrical stimulation of the paralyzed musde is 
open to question The rate of regeneration may appear to be m 
creased because of the early detection of functional return, re 
suiting from the continuous observation associated with the ad 
ministration of electrical muscle stimulation 

2 Technic oj Treatment 

a The tefetimg physician should provide an exact diagnosis 
of the nerve lesion The extent of the lesion will determine whether 
to treat the muscles individually or as a group 
b Patient Should be placed m such position that the paralyzed 
muscles are m a state of Physiologtcat Rest (see Wm Colm Me 
Kenzie Action oj Muscles) 

c Pari under treatment Must be in a good light to avoid shad 
ows so that spurious effects due to the current flowing to con 
tiguous muscles may be observed and evaluated 
d Treatment Should be preceded with some form of heat for 
15 to 20 minutes to help lower flie dectneal resistance of the skin 
The degree of anesthesia present determines the degree of cate 
to be exercised in the application of heat 
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Fig 43 lllustratuijr the unipolar technic of muscle stimulation 


e Selection of Current The surging uninterrupted direct cur 
rent with alternate polarity should be employed for any muscle 
showing the reaction of degeneration, for the reasons set forth in 
Section One The period of relaxation is as important as the period 
of contraction Knowledge of the time required for the paralyzed 
muscle to relax completely after contraction, which is determined 
by observation, indicates the number of stimulations to be applied 
per minute m the treatment of the muscle 
f Application of Electrodes The electrodes, made of some 
absorbent material are similar to those used for the apphcation of 
direct current and are similarly prepared There are two methods 
of application 

(1) Unipolar One electrode is active, the other dispersive The 
dispersive electrode, the larger of the two, is properly prepared and 
applied to either the anterior or posterior portion of the trunk The 
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smaller or active electrode, ol vanable shape and size, is attached 
to a handle rrtade for this purpose, and applied to the motor point 
or at the point of election Fig 43 For motor point chart, see page 
89, Fig 24 

(2) Bipolar Both electrodes are of equal size and similar to the 
active electrode used with the unipolar method They are applied 
so as to include the extremities of the muscle belly Fig 44 This 
method is used where it is necessary to reduce skm resistance to 
an absolute minimum Furthermore, the current will not overflow 
into neighboring muscles quite so readily when this technic is used 



Fic 44 Illustrating bipolar (echoic with the electrodes at 
the eatrcimties of (be muscle 


g Duration of Treatment It is important not to over stimulate 
Always treat short of fatigue A muscle that is paralyzed fatigues 
rapidly, the onset of fatigue can be detected by the change in the 
nature of the contraction such as a slowing or $ complete disap- 
pearance of the contraction 

h Important Note In paralysis it is imperative to allow suffi- 
cient time for lowering skin resistance With minimum skin 
resistance and proper application of electrodes, the voltage re 
qmred for a given current will be a minimum The active electrode 
should not be continually moved from place to place simply be 
cause the muscle contraction is not immediately secured The 
technician should learn to detect minute or mcipient contractions 
by means of the fingers placed over the tendons of the muscles 
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under stimulation, because sometimes while the muscle contrac- 
tion cannot be seen, it can be felt at its tendinous insertion. 

3. Prescription. The following prescription should be provided 
by the referring physician. 

a. Muscles To Be Stimulated. 

b Current. Surging uninterrupted direct current with alternate 
polarity, when R.D. is present. 

c. Milliamperes. Minimum to secure an adequate degree of 
contraction. 

d. Voltage. Minimum. 

e. Contractions Per Minute. Should be few enough to permit 
ample time for complete relaxation between contractions. 

f. Duration oj Treatment The treatment should not be con- 
tinued beyond the onset of fatigue. 

g Frequency of Treatment. Three tim^s weekly. 

4. Special Applications 

a. Paralysis of the Laryngeal Muscles: Paralysis of varying 
severity may occur as a sequella to diphtheria, thyroidectomy, or 
aneurism of the aorta, or it may be of psychogenic origin. Like 
other forms of paralysis, it may be organic or psychogenic, of 
either nudear or peripheral origin. 

A typical hysterical paralysis presents a bilateral paralysis of 
the adductors of the cords, aphonia, no dyspnea, and an irregular 
characteristic tone of voice. * 

Peripheral paralysis may be unilateral or bilateral, and confined 
to individual musdes, or diffused over all Paralysis of the pharyn- 
geal constrictors, causing a disturbance of deglutition so that the 
patient must be fed by means of a tube, is most frequently either 
a sequella of diphtheria or a symptom of bulbar paralysis. 

(1) Technic oj Treatment A or 1 inch absorbent electrode 
is connected to an appropriate handle The electrode is thoroughly 
saturated in a 1 per cent solution of sodium chloride. The solution 
should be at a temperature comfortable to the patient. This active 
electrode is connected to one terminal of the muscle stimulating 
generator, and then applied to the lateral aspect of the larynx at 
its mid point, and medial to the stemodeido-mastoid musde. 



148 


TECHNIC OP EtECTKOTHERAPY 


Fig 45 The point of election may not always be just at the point 
selected, but with care and some patience can be found by slowly 
changing the position of the electrode on the neck It may some 
times be found as low as the level of the crico thyroid cartilage 



Fic 45 Tbe point of applicalioa for Ibe active electrode in 
paralysis of laryngeal muscles 

The dispersive electrode is properly prepared, with the patient 
in a sitting position it is applied to cither the chest or back and 
bound firmly m position by means of a rubber gum bandage 
This electrode is connected to the remaimng terminal of the gen 
erator The physician, using a laryngeal mirror, observes the 
effect of the stimulation during the initial treatment while the 
techniaan applies the current 

It ts imperative that the cvrrent employed be the Surging Un 
interrupted Direct Current wtth Alternate Polartiy 
b Paralysis oj the Factal Nerve Paralysis of the facial nerve 
in which the anatomical contmuity of the nerve has been inter 
rupted is treated as any other lower motor neuron lesion How 
ever, paralysis of the facial nerve is frequently encountered in 
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■which the anatomical continuity of the nerve is intact but its 
conduction is impaired because of an inflammatory process. The 
section of the nerve trunk 
most frequently affected is * 
that portion situated be- 
tween the stylo-mastoid ^ 
foramen and the division 
of the nerve into the pes , 
anserinus; the process may j 
also extend farther into the 
fallopian canal but rarely 
to the geniculate ganglion s 

The true character of the ’ 
affection is still somewhat ^ 
obscure; honever, there is 
slight doubt that it is of an i 
inflammatory nature caused j 
either by exposure to cold, ^ 
or by infection The ex- ; 
posed situation of the nerve [ 
is favorable for inflamma- i 
tion from some unusual L „ 
exposure On the other Illusltatmg a method of secnnng 

band, the narrow calibre phy^ologtcal rest for the facial muscles 
of the fallopian canal To be used Continuously except dunng 
causes marked compres- treatment 
sion of the nerve when it 

has undergone slight inflammatory swelling within the canal 
Some patients recover within a few weeks while others may not 
recover for many months IVben fadal nerve paralysis accom- 
panies an otitis media, it may require a period of six months before 
spontaneous regeneration occurs 

(1) Technic of Treatment 

(a) The paralyzed facial muscles must be protected from over- 
stret^ing and sagging The amplest type of support consists of 
the application of adhesive tape as illustrated in Fig. 46. An 




Fic 47 Application of active electrode to facial nerve 

upward pull must be maintained The support must be worn con 
stanlly 

(b) The paiient shaoW be plated coTniotlably in Ihe snptnt 
position The face of the patient should be m a good light free of 
shadows so that the techniaan may be able to avoid stimulating 
contiguous muscles 

(c) An active electrode, consisting of an absorbent half inch 
disk, IS attached to an aj^iropriate handle and connected to the 
selected source of current This active electrode thoroughly satu 
rated with a conductive solution, is applied either to the individual 
muscles or to the facial nerve directly Fig 47 Usually it is best to 
stimulate each muscle individually 

The dispersive electrode, 4 by 6 inches in size and prepared as 
previously outlined, is applied under the scapula, or to any con 



MUSCLE STIMULATION BY ELECTRIC CURRENTS 151 

venient part of the body, and connected to the source of current. 

(d) Selection of current will depend on whether R.D. is present 
or not. If R.D. is complete, then the surging uninterrupted direct 
current with alternate polarity is selected; but if R.D. is not pres- 
ent, then the surging interrupted direct current with alternate 
polarity is used. The rate at winch the muscle should be contracted 
will depend on the degree of sluggishness exhibited by the muscle. 
The muscle must be permitted to relax completely between con- 
tractions. Stimulation of the muscle should not be continued to 
the point of fatigue of the muscle; stimulation should be discon- 
tinued before this point is reached. 

B. Lesions of Upper Motor Neurons: The great motor path 
from the cerebral cortex to the skeletal musculature, through which 
the bodily activities are placed directly under voluntary control, 
is in man and mammals the dominant factor in the motor mecha- 
nism. Afferent paths from the various exteroceptors reach the 
cerebral cortex; and through the correlation of the olfactory, 
auditory, xnsual, tactile, thermal, and painful afferent impulses 
which pour into it, there is built up within the cortex a representa- 
tion of the outer world and its constantly changing conditions 
The responses appropriate to meet the entire situation in which 
the individual finds himself from moment to moment are, in large 
part, initiated in the cerebral cortex and are executed through the 
motor mechanism. 

This great motor path consists of an upper and a lower motor 
neuron unit. The so-called upper motor neurons conduct impulses 
from the motor cortex They originate in the giant pyramidal cells 
of the motor cortex, and terminate in the motor nuclei of the 
cerebral nerves, or in the anterior gray columns of the spinal cord, 
whence the lower motor neurons relay the impulses to the muscles 

Because of a decussation of these fibers in the caudal part of 
the medulla oblongata, muscular contractions produced by corti- 
cal stimulation occur chiefly on the opposite side of the body. 
Therefore, lesions in the pyramidal system above the decussation 
are contralateral. 

WTiile injury to a lower motor neuron is associated with atrophy 
and a flaccid paralysis, injury to an upper motor neuron leads 
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to a loss of function -without atrophy but with an increased tonicity 
of the affected muscles produang spastic paralysis A restricted 
cortical lesion may cause a monoplegia or a paralysis of a single 
part, such as an arm or a leg If the internal capsule is involved 
the resultant paralysis is apt to be a hemiplegiSi because all the 
motor fibers (pyramidal tract) are grouped within a small area 
The paralysis will be of the opposite half of the body 

The function of the pyramidal tract is to initiate voluntary 
movements and make skilled (ptaiiic) movements possible, to 
exert an inhibitory effect over the anterior horn cells concerned in 
spinal reflexes, to exert a tonic inhibitory effect over the anterior 
horn cells concerned with the extensor or postural (anti gravity) 
muscles and to exert a reinforcing influence on flexor movements 

Spastic paralysis presents an exaggeration of postural reflexes 
The arm is held in a typical manner with the shoulder adducted, 
the elbow semi flexed and the wnst and fingers partially flexed 
There is adduction of the leg with extension of the knee and foot 
— ^producing a circumduction gait The muscles do not show the 
reaction of degeneration buthypenmtability 

1 Object oj Treatment 

The object of treatment is to stimulate the least spastic group 
of muscles m an effort to counteract the ill effects of constant 
overstretching The object of all forms of treatment for the spastic 
is to assist the patient in acquiring co ordination of movements 
This objective may be achieved through the use of various rhyth 
mical procedures When using electrical muscle stimulation, the 
muscles must be stimulated jn a rhythmical manner, so that the 
patient may gam an appreciation of rhythmical muscular re 
sponse 

2 Technic of Treatment 

a The Patient Should be in the recumbent position The sur 
roundings should be conducive to complete relaxation Some form 
of heat, followed by gentle centripetal stroking massage to pro 
duce complete relaxation should precede the electrical treatment 
The muscles may be stimulated to fatigue, or until the signs of 
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spasticity return, as manifested by donic movements of the ago- 
nists. 

b. Electrodes. The unipolar method of application is employed. 
The electrodes are prepared as described for direct current. The 
active electrode, a 1-inch to lJ4~mch disk, is applied directly to 
one or more of the nerve trunks supplying the extensor musdes, 
depending upon the extent of the lesion Consult motor point chart. 
Fig 24, page 89, to locate the following nerve trunks: radial; 
femoral; and common peroneal (external popliteal) 

c. Prescription 

(1) Wf/icles to be stimulated. 

(2) Current Surging interrupted direct current with alter- 
nate polarity. 

(3) Milltamperes. Adequate to secure full muscle contrac- 
tion. 

(4) Voltage. Minimum 

(5) Contractions Per Minute. IS to 20. 

(6) Duration of Treatment. Until spasticity or onset of 
fatigue is reached 

(7) Frequency of Treatment. 3 times weekly. 

d Discussion. It must be kept in mind that only the less spastic 
muscles are treated The spastic musdes usually are the flexors and 
internal rotators of the upper extremity, and the extensors, in- 
ternal rotators, and adductors of the lower extremity. Hence, treat- 
ment is directed to tlieir agonists The simplest method, therefore, 
is to stimulate these musdes through the nerve supplying them 
One can, however, stimulate individual muscles, or groups of 
musdes, if it is considered to be more advantageous 

II. Strains, Sprains, and Dislocations 

A. Object of Treatment 

To assist in the removal and resolution of the vascular and 
lymphatic exudates which form as the result of trauma to the 
small arterioles and lymph channels An appropriate type of cur- 
rent, applied to the musdes controlling the joint, should assist in 
removing the exudates about the joint by giving a mechanical 
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massage without producing further trauma to the tissues This 
massage is physiologic in type, not possible to produce by hand 
This form of therapy is excellent for the treatment of these pa- 
thologies, especially if administered early It very closely simulates 
nature’s own method of massage Depending upon the severity of 
the lesion that a Joint sustains, any or all of its various structures 
may be damaged to a greater or lesser degree; hut in every case, 
the muscles activating the joint always suffer In joint injuries, or 
even in joint diseases, there is a wasting of the muscles that control 
the joint, and the wasting is not only passive from disuse, but 
active from nutritional reflex, because of the fact that the joint 
and the muscles moving the joint are supplied by the same nerve 
According to King and Holmes* this atrophy can take place in 
forty-eight hours when the joint Injury is severe. Since joint func- 
tion is dependent on muscular tone, electrical stimulation of the 
muscles should be used early, thereby combatting atrophy due to 
active nutritional reflex In knee joint injuries, the vastus internus 
head of the quadriceps muscle is most likely to suffer. 

B Techmc of Treatment 

I. Preliminary Preparation Use some form of heat — preferably 
inductothermy. 

2 Electrode Application The unipolar method is usually most 
satisfactorily employed The active and dispersive electrodes are 
prepared as previously described The active electrode may be: 

a A small circular 1-inch absorbent disk; applied: (1) Directly 
to the nerve trunk which supplies the muscles in need of stimula- 
tion (2) Directly to each individual muscle or to some one par- 
ticular muscle of a group which may need special attention, such 
as the vastus internus muscle of the knee joint The electrode is 
applied at the motor point of the muscle to be stimulated 

b. A large electrode, approximately 4 by 6 inches, which is used 
for stimulating simultaneously large groups of muscles such as the 
hamstrings or quadriceps femoris. The electrode is held in place 
by the hand of the technician over the muscles to be stimulated 

* King, J M , Jt , Holmes, G W Diagnosis and Treatment of 450 
Painful Shoulders JAMA 89 19561961 (Decembers) 1927 



156 iechnic of electbotherafy 

stress is placed upon the ligaments supporting the bony parts of 
the arch, causing pain. Because the plantar nerves become irri- 
tated, the first step should be to provide a properly designed and 
flexible support for the arch; following this, electrical muscle 
stimulation and special foot exercises are instituted. 

B, Technic of Treatment 

Secure two oblong metal pans. Fig 48. Place in each a small 
amount of warm water to which sodium chloride (NaCl) or 
sodium bicarbonate (NaHCO*) has been added Place a piece of 
orthopedic felt in the bottom of each pan, large enough for con- 
tact with the entire plantar surface of the foot. The water should 
just cover the feet 

Connect the two pans to one patient terminal of the generator 
by means of a bifurcated connecting cord. These pans serve as 
the dispersive electrode The two active electrodes, 1 to inch 
disks of absorbent material, are connected to the other patient’s 
terminal by means o! a bifurcated cord 

The disk electrodes are applied either to the common peroneal 
nerve or to its individual muscles The common peroneal nerve is 
usually located just below, or in the region of, the neck of the 
fibula. Sometimes the current will stimulate the peroneus longus 
and peroneus brevis rather than the more important tibialis ante- 
rior. If this occurs, the active disk electrode should be moved gradu- 
ally toward the motor point of the tibiahs anterior without remov- 
ing the electrode from the skin The muscle movement to be se- 
cured should be that of inversion, alternated with flexion of the 
toes Once the correct position for the electrodes is found, they can 
be bound in place by special straps made for this purpose, or held 
in place by the patient by means of a wood handle fastened to the 
disk electrodes. 

C. Prescription 

1. Muscles Those that will produce inversion of the foot 

and plantar fleuon of the toes 

2. Current. Surging interrupted direct current with alter- 
nate polarity. 
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Fig. 48 Technic of application for pronated feet due to muscular 
weakness Note method of secunng disk electrodes m position 


3 Mtlltatnperes 5 to IS 

4 Voltage Minimum 

5 Duration oj Treatment Until onset of fatigue 

6 Contractions Per minute 10 to 20 

7 Frequency oj Treatment Daily. 
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V Muscular Atrophy of Disuse 

A Object of Treatment 

The forced inactivity of patients who are confined to bed for 
prolonged penods, causes nutritional disturbances, resulting in 
marked atrophy and atony of all muscles, but especially of those 
of the extremities and the abdomen Such atrophy, it is claimed, 
may be controlled by electrical muscle stimulation used adju 
vantly 

B Teckmc of Treatment 

The unipolar or bipolar method can be used The bipolar 
method has the advantage of stimulating a greater number of 
muscles simultaneously 

1 Unipolar Electrode Application The active electrode should 
be of an appropriate size and shape, ranging from a V/t inch disk to 
a 4 by 6 inch pad The electrode selected is thoroughly saturated 
in a warm saline solution and applied over the muscles to be 
stimulated A dispersive pad electrode is similarly prepared and 
applied to either the posterior or anterior region of the trunk and 
maintained m firm contact with the skin 

2 Bipolar Electrode Application /Ivio pad electrodes of the 
same size are used The size of these electrodes will depend upon 
the group of muscles to be stimulated, 4 by 6 inch electrodes 
are usually employed Muscles of the trunk or abdomen are stimu 
lated by applying the electrodes to corresponding muscles on each 
side of the spine or abdomen A muscle of an extremity is stimu 
lated by appljang the electrodes so as to include the belly of the 
muscles Fig 44, page 146 

C Prescription 

1 Muscles Those requiring slwaulation 

2 Current Surging interrupted direct current with alternate 
polarity 

3 Mtlltamperes 5 to 15 

4 Voltage Minimum 
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5 Duration of Treatment UBtji onset of fatigue 

6 ContracUons Per Mmute 10 to 20 

7 Frequency of Treatment Daily 

VI Constipation (Atonic Form) 

A Object of Treatment 

It has been claimed that colon motility can be initiated by the 
use of electnc current Two methods of application are employed 
One method stimulates the extrinsic muscles of the abdominal 
v-all, such stimulation, it is claimed, initiating colon motility, 
while the other method is supposed to stimulate the colon through 
the autonomic nervous system These claims have never been defi 
mtely established However, the treatment seems to have as ra 
tional a basis as the use of mechanical massage 
^laoagement of this condition requires individualization and is 
not simple la addition to electrical stimulation, attention must be 
given to diet, water intake, abdominal support, exercise, the chang 
ing of the intestinal flora, and physical and mental rest 



Fia 49 The autonomic nervous astern modified from Meyer and Gottlieb 
(From Ransom The Anatomy of the Nervous System, Sth Edition W B 
Sunders Company Philadelphia 1936 ) 
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B 'Technic oj Trealtnent 

1 Stimulation of the Autonomic Nervous System It has been 
suggested that the best method of dealing with constipation is 
stimulation of the colon by applying the current in the region of 
those sympathetic ganglia whose post ganglionic fibers originate in 
the celiac and inferior mesenteric plexuses However, it has neither 
been proved nor disproved that colon motility can be influenced 
by such stimulation Fig 49 

a Technic Prepare the treatment table with a full sized rubber 
sheet over the mattress With the patient stripped to the waist and 
in the standing position, mark the location of the inferior angle 
of the scapula With the patient on the table m the sitting position, 
apply t^o 4 by 6 inch electrodes so that their upper borders form 
a ^elf for the inferior angle of the scapula Allow iyi inch between 
the medial edges of the electrodes, which are also equidistant from 
the spinous processes Place a rubber sponge— the larger the 



Fig 50 Position of electrodes (Hi either side of spine and beneath 
the inferior an^e of the scapula 
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Fic 51 Paticat reclining preparalojy to assuimog final prone 
position for UeaUnent, 


sponge, the better — over the electrodes and have the patient lie 
down m position without disturbing the conducting cord contacts, 
electrodes, or sponges Figs 50 and 51 Connect the two cord 
terminals to the generator The current is very gradually increased 
to the required level 

b Prescription for SUmidatton Through Autonomic Nervoui 
System 

(1) Current Surging unmtemipted direct current with 
alternate polarity 
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(2) MUliamperes. 30 to 60, or such intensity as to produce 
movement in the region of the umbilicus. 

(3) Voltage. Minimum. 

(4) Duration of Treatment. 10 to 20 minutes. 

(5) Contractions Per Minute. 12 to IS. 

(6) Frequency of Treatment. Daily. 

c Discussion. The patient, during the early part of the treat- 
ment, feels a prickling sensation equally beneath both electrodes 
This is caused by the continuously decreasing electrical resistance 
of the skin, and it persists until the resistance has reached a con- 
stant level. It is followed by a sensation of beat at both electrodes, 
which may be intense enough to make the patient believe he is 
being burned. The operator must be sure that no burn is occurring, 
and if the application is correctly made, and the cuiient intensity 
not excessive, no burns will occur. This phase is followed by the 
patient sensing greater irritation, first under one electrode and 
then under the other, alternating with change in polarity of elec- 
trodes — being greater when the polarity is negative. The greater 
irritating effect of the negative electrode was experimentally de- 
termined in Experiment 7, page 24 But, as the current is gradu- 
ally increased, the patient should begin to feel contraction in 
the abdomen; this occurs usually when the current intensity 
reaches approximately 20 to 30 ma. The operator will not be able 
to observe it, but must rely on the subjective sensation of the 
patient As the current is gradually increased, the operator will 
eventually observe slight movement of the umbilicus, but con- 
traction of the extrinsic abdominal muscles is rarely observed 
Occasionally, however, this technic does not produce the typical 
movement of the umbilicus, but instead produces marked con- 
traction of the extrinsic abdominal muscles. 

For this application it is important to use the surging uninter- 
rupted direct current with alternate polarity. 

2. Stimulation of the Extrinsic Muscles of the Abdominal Wall 
a. Technic. (1) The patientisplaced in the supine position, and 
two 4 by 6 inch electrodes are applied to the abdominal muscles, 
equidistant from the mid hne of the abdomen A rubber sponge 
is placed over each electrode, and held in place by applying a 
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Fic 52 Application of both electrodes to the abdomen for the stimulation 
of the estnnsic muscles of the abdominal nail 

canvas band reaching over each side of the treatment table wth 
sandbags suspended from the hooks provided for that purpose. 
Fig. 52. 

(2) A large dispersive pad, 6 by 8 inches, is applied under the 
sacrum, and the active electrode, 4 by 6 inches, is applied over 
either the ascending, transverse, or descending colon. It is held 
in place as described above, or moved from segment to segment 
of the abdomen while held in place by the operator. Fig. S3. In 
view of the fact that it is difficult, if not impossible, to determine 
the exact position of any one segment of the colon, it is our opinion 
that the technic of application outlined under (1) is to be pre- 
ferred. Furthermore, this technic is to be preferred because it pro- 
vides a gentle, rhythmical massage of the entire abdominal viscera. 
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Fic 53 Applicatioa of tbe active electrode to the abdomen and the dis 
persive electrode under the sacrum The active electrode is applied sue 
cessively to the regions of the abdomen where the ascending transverse and 
descending segments of the colon are popularly thought to be located The 
exact position of the various segments of the colon is a debatable question 

b Prescription for Stimulation of Abdominal Muscles 

(1) Current Surging interrupted direct current with alter 
nate polarity 

(2) Miffiom/ierej 10 to 15 

(3) Voltage Mimmum 

(4) Duration of Treatment 10 to 30 minutes, or to point of 
fatigue 

(5) Contractions Per Minute 12 to 15 

(6) Frequency of Treatment Daily 
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VII. Graduated Electeicai. Muscle Contraction (Surging 
Tetanic or Faradic Contractions). It is unfortunate that the term 
“Graduated Muscular Contraction” is used by many workers in 
place of the more descriptive terra Graduated Electrical Muscle 
Contraction, because it may be confused with active exercise ther- 
apy. The proponents of this technic use either a manually oper- 
ated Bristow Coil or the Morton-Smart type of apparatus. The 
same results can be secured with any type of apparatus eraplo 3 dng 
a surging tetanizing current. It is difficult to see any specific ad- 
vantage in employing a manually surged tetam'zing current over an 
automatically surged tetanizing current. The use of the auto- 
matically surged interrupted direct current with alternate polarity 
for the production of graduated muscular contractions has been 
fully explained. 

A. Technic of Graduated Electrical Muscular Contraction as 
Applied to the Quadriceps. The Faradic Coil or the Bristow Cotl 
is set with the selector switch turned to S (secondary). With the 
switdi in this position, the cunenl induced in the secondary coil 
is applied to the patient. The current intensity is switched to 
Button 1, 2, or 3, according to the required current intensity. But- 
ton 1 gives the lowest current strength, and is the one usually se- 
lected at the beginning of the treatment. The core of the coil is set 
in such position — in some apparatus all the way in, and in others 
all the way out — that the intensity of the secondary current is in- 
sufficient to produce a contraction. 

Hie patient lies on the treatment table in a comfortable position, 
completely relaxed. A support is placed under the knee joint to 
relieve tension on the posterior ligaments of the knee. A large 
dispersive electrode of suitable dimensions, approximately 6 by 8 
indies, is placed under the buttocks or beneath the thigh. Good 
contact must be assured between this electrode and the skin of the 
patient. The active electrode, usually a 4 by 6-inch pad, or as some 
tedmidans prefer, a 2 to 3-inch absorbent disk type electrode, 
is applied directly over the quadricqis muscle and held by the op- 




Fig 54 Technic of graduated electncal muscular contractions as applied to 
the quadriceps (From Reimann H A. Trealment in General Medicine. 
F A. Davis Co Philadelphia 1939 ) 


that the current strength is gradually increased to secure the de 
sired degree of contraction The hand of the technician appraises 
the degree of muscle contraction When the desired degree of 
contraction is secured, the core of the coil is gradually returned 
to its former position Fig 54 Thus a rhythmical cycle of con 
traction is secured The degree of contraction to be produced will 
depend on the condition of the muscles The muscle should always 
be permitted to relax completely between successive contractions 
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Vm Hysterical Paralysis Hysterical or functional paraly 
SIS frequently occurs as the result of some injury There is no 
anatomical break or physiolo^cal block of the nerve involved The 
neuromuscular pathway is intact, but the muscles fail to function 
simply because the patient believes he cannot, and hence does not, 
initiate the necessary nerve impulses to actuate the muscles 

The treatment of such a condition becomes a psychological 
problem The patient must be convinced that voluntary movement 
of the muscles involved is possible He may be convinced by 
demonstrating to him that the muscles respond like any other 
Unaffected muscle to the tetanmng current It should be esplamed 
to him that if the affected muscles were paralyzed, they could not 
respond to this type of current It may be necessary to produce 
painful tetanic contractions to convince the patient that bis mus 
cles are normal 

A Technic of Treatment A source of tetamzmg current is 
employed The unipolar technic is used One large dispersive elec 
trode, prepared in the usual manner, is applied to any convenient 
part of the body The active electrode, usually a 1 inch disk of the 
absorbent type, is prepared, attached to a make and break key, 
and connected to one terrmnal of the generator The electrode is 
applied to the motor point of the muscle to be treated The make- 
and break key is closed, and the current intensity increased to the 
pomt where an adequate tetanic contraction is secured The con 
traction should be maintained to the point of severe pain m order 
that the patient may be impressed with the fact that the muscle 
does respond normally 
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I Definition Radiation, or radiant energy, is energy m that 
form which can be transmitted through space without the support 
of a material medium, such as a gas, a liquid, or a solid Accord 
mg to Clerk Maxwell, radiation is the result of vibrating electric 
charges These set up alternating magnetic and electric fields at 
right angles to each other and to the direction of propagation, 
which pass on the energy from one portion of the hypothetical 
ether to the next as an electromagnetic wave This concept of 
radiation has been very successful in explaming many of the 
electrical and magnetic properties of radiation, and will serve so 
iaras ihis jhsramsvnD os i-nncEtned Radiation wiU- thernforq. be 
considered as the propagation of an electromagnetic wave, and 
the energy of radiation as electromagnetic energy 

II Velocity of Propagation Radiation is propagated through 
space at the tremendous veloaty of approximately 186,000 miles 
per second, corresponding to about 300,000,000 meters per second 
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Its velocity vanes, iiowever, with the medium, being less m sub 
stances like glass, water, and carbon disulphide than it is m air 
Air, too, exerts a retarding effect on the velocity of radiation enter 
ing It from space, but for all practical purposes we may consider 
the velocity of radiation m air the same as that m space, namely, 
300,000,000 meters per second 

III Wavelength Since radiation is a wave disturbance, it 
must have a wavelength The length of one wave is the linear dis 


TABLE 13 
Units of Waveixmcth 


Unit 

1 Abbrcmtioa 

3Ietnc Equivalent 

Meter 

CenUmeter 

cm 

centimeter 

Millimeter 

1 tnm 

millimeter 

Micron 

1 ** 

001 millimeter 

MiUimicroa 

1 nv 

1 000001 millimeter 

Angstrom Unit 

Aor A.U 

0000001 millimeter 


tance, in the direction of propagation, between two points of the 
disturbance which are m the same phase, that is, the distance for 
example, between successive crests or troughs, so to speak of the 
disturbance The unit of linear measurement to be employed will 
depend upon the type of radiation being considered In Table 13 
are given the units in common use and their equivalents m the 
metric system 

A conception of the magnitude of an angstrom unit can be 
obtained by imagining a millimeter elongated until it extends 
10,000 000 millimeters, or 10,000 meters, or 6 2 miles An ang 
Strom unit would then be represented by one millimeter on this 
scale 

IV Fundaviental Wave Relation The number of complete 
vibrations or wavelengths of radiation passing a given point m 
space per second will be equal to the velocity at which the wave 
disturbance is propagated divided by the wave length of the radia- 
tion If V IS the velocity, X (lambda) the wavelength and » the 
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frequency of vibration, or the number of complete waves passing 
a point every second, the relationship can be expressed by the fol- 
lowing simple equation: 

nX=V* 


V. Visible Radiation. The fact that ordinary white light, 
i e , radiation capable of exciting the sensation of vision, is complex 
in structure and is composed of various wavelengths of radiation, 
was not suspected until Newton, by means of a prism, dispersed 
a beam of sunlight into a senes of colors ranging from red through 
orange, yellow, green, and blue to violet. Fig SS To this series of 
colors, Newton applied the term spectrum There are, in fact, 
many more colors in the visible spectrum than those enumerated 
by Newton Red changes by imperceptible degrees into orange, 
and orange into yellow, and so on to the violet It is impossible 

* In using this equaUon care must be taken that t and V are both expressed 
10 the same unit For example, il the velocity u 300,000,000 meters per second 
and the naselength is 5000 angstrom units, the vibraUon frequency is found 
as follows 

V = 300,000,000 meters per second 

X = 5000 A.U = SOOO — 10,000.000 nun. * — ^ — mm 

10,000 

S S 

ts — — 1000 meters = meters 

10,000 10000,000 

V s 

and u = — — 300,000,000 — 

X 10,000.000 

300,000,000 X 10,000,000 

5 

« 600,000, OOO/XW.OOO or 
600 trillion vibrations per second 

To find the wavelength, knowmg the frequency of the vibration, divide the 
velocity by the fieqiKQty , obtatniiig thn mveleo^b m terau of tha unit used 
in expressing the velocity For example, if the vibration frequency of the 
radiation is 10 megacycles or 10,000,000 cycles, the wavelength would be 
300,000,000 meters per second divided by 10,000,000 cycles per second, or 30 
meters Expressed in the form of an equation, 

V 300,000,000 

i = — s= 30 meters. 

n 10,000,000 
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to detect by the human eye, d^nitely, Tvhere one color ends and 
the next in the spectral series be^ns. There is, in fact, an infinity 
of different hues and shades in the visible spectrum into which 
white light may be dispersed by a prism The fact that white light 
is composed of a senes of colors was further demonstrated by 
Newton by re-combining by means of prisms the various colors 
into which white light was dispersed, thereby again obtaining 
white light. 



Fio 55 Disp<ision while hgU into ils toinpenenl 
colors by means of a prism 


VI. Invisible Radiation. Herscbel, in 1800, discovered the 
existence of invisible radiation in sunlight By placing the black- 
ened bulb of a thermometer beyond the red of the visible radia- 
tions of -the spectrum into which a beam of sunlight was dispersed, 
the presence of radiant energy was detected, which on absorption 
by the blackened bulb was transformed into heat, causing a rise 
in the readmg of the thermometer. To such heat producing radia- 
tion lying below the red in vibration frequency the term infrared 
is applied. The complete range of infrared radiation extends from 
the limit of the visible spectrum, through the invisible radiation 
emitted by hot bodies, to the relatively low frequency or long 
wavelength radiation employed in radio communication 
The next year, Ritter discovered the presence of radiation be- 
yond the violet of the visible spectrum by placing there a piece of 
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paper moistened with a solution of a silver salt The effect of the 
radiation on the silver salt was to liberate silver, and cause a 
blackening of the paper. The effect of these radiations beyond the 


TABLE 14 

EixcTsouAGKRnc Smmuu 


Radutioa 

VV'avelengtli Limits in A U 

Cosnucia>'5 

Leas than 0001 

Gamma raj's 

01 - 14 

Roeotgea rays 

01 - 120 

Ultraviolet 

Far 

120 - 2900 

Near 

2900 - 4000 

Vuibk 

Violet 

4000 > 4500 

Blue 

4500 - 5000 

Green 

5000 - 5500 

Yellow 

5500 - 6000 

Orange 

COOO > 6500 

Red 

6500 - 8000 

Infrared 

Near 

8000 - 15000 

Far 

15000 -150,000 

Hertzian 

1.000,000 - 3XI0» 

Radio rraves used /or communicatiOD 

1X10« - 3X10*‘ 
or 10 meters — 30,000 meters 


violet, to which the term ultraviolet is applied, is primarily chemi- 
cal, whereas the effect of those m the infrared zone is thermal 
The entire ultraviolet portion of the spectrum extends from the 
Umit of the violet of the visible zone throu^ the ultraviolet 
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radiations, used in the treatment of calcium deficiency and other 
diseases, through the x rays and the gamma radiations of radium 
to the cosmic rays All of these radiations travel with the same 
speed, and differ only m their vibration frequency and, conse- 
quently, in their wavelength The entire known electromagnetic 
spectrum with the approximate limits m wavelength and vibration 
frequency of the various zones into which, for the sake of con 
venience, the spectrum is considered divided, is shown m Table 14 
The entire known electromagnetic spectrum extends from 
30,000 meters to less than 01 angstrom unit m wavelength — a 
range covering 60 octaves, only one of which, namely, from 4,000 
to 8,000 angstrom units, excites the sensation of vision If a scale 
1 foot long were to represent the visible spectrum, a linear scale 
approximately 1 5 million miles long would be required to represent 
the 60 octaves of known radiation Life on this planet evolved and 
developed in this complex radiation environment Modification of 
It has marked biologic effects both on plants and animals Radia 
tion properly used provides a potent therapeutic and disease pre* 
venting agent The radiations with which this discussion is 
primarily concerned are the infrared and the ultraviolet rays, 
lying respectively m the spectral ranges, 8,000 to 150,000 ang 
Strom units, and 2 ,000 to 3,200 angstrom units 
A / njrared Radiation Every material body whose temperature 
IS above absolute zero, that is, above the temperature at which 
theoretically all molecular activity ceases, emits energy in the 
form of radiation The rate of emission depends upon the absolute 
temperature of the body, increasing rapidly with increase m tem- 
perature, being in fact, directly proportional to the 4th power of 
the absolute temperature By doublmg the temperature the rate 
of emission will be increased sixteen fold 
While a body radiates, it is also receiving radiant energy from 
other bodies So long as its temperature remains greater than that 
of the other bodies, it will continue to radiate energy at a greater 
rate than it receives energy from those bodies Eventually, however, 
Its temperature wiU approach that of the other bodies, and the 
rate of emission will equal the rate of absorption The earth radi- 
ates energy into space to other bodies, but so long as the sun re 
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mains at a higher temperature than the earth, we can be assured of 
receiving more energy than \\e dissipate by radiation, and hence 
the earth's temperature will be maintained at a level necessary to 
h'fe. The effect of the infrared rays which lie in the spectral zone we 
are concerned with, extending from 8,000 to 150,000 A.U., is the 
production of heat, and hence such radiation is frequently spoken 
of as radiant heat. 

The spectral range of infrared radiation from 8,000 to 150,000 
angstrom units is considered divided into two zones; near infra- 
red, extending from 8,000 to 15,000 angstrom units; and far 
infrared, from 15,000 to 150,000 angstrom units. This classifica- 
tion is suggested by the penetrability of these radiations into water 
and tissue. This wU be discussed in greater detail in subsequent 
paragraphs. 

B, VUraviolet Radiation. The ultraviolet radiation that we are 
concerned with in this discussion extends from approximately 
3,200 to 2,000 angstroms. Radiation in this spectral band has been 
found to have definite biologic effects, and ba$ been demonstrated 
to be useful in the promotion of normal growth, in the prevention 
of disease, and in ^e treatment of certain diseases. The effect of 
these radiations is primarily chemical, and hence are frequently 
referred to as actinic rays. 

VII. Characteristic Properties op Radiation. All radia- 
tion, regardless of wavelength, has certain characteristic physical 
properties. In fact, the establishment of radiated energy as radia- 
tion depends upon whether the radiated energy possesses these 
characteristic properties. Electromagnetic radiation possesses the 
property of being reflected, refracted, diffracted, and polarized. 

A. Reflection When radiation reaches a surface where there is 
a change of medium, such as the surface separating air and the 
water in a pond, some of the radiation is reflected, or turned back 
into the first medium, while some penetrates into the second 
medium. 

If we consider the visible radiation emitted, let us say, by an 
dectric lamp, impinging upon a polished plane surface such as 
a mirror, the reflected radiation appears to come from a lamp 
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beyond the reflecting surface, and not from the surface itself 
This IS known as regular reflectton 

If the reflecting surface is rough we no longer see reflected 
objects The impinging radiation is reflected in all directions from 


A' 



Fic 56 Law of Regular Refleciton S i$ a source of rad ation SO a ray 
stnkmg the reflecting surface at O OE the reflected ray sink ng the eye of 
tbe observer < the angle of me dence r tbe angle of reflection The angle i 
equals the angle r Radiation striking tbe eye appears to come from a source 
S the image of S rrh ch is as far behind tbe nurror as S tbe object is m front 
of the mirror 

the surface as if the surface itself were a source of light Such 
reflection is known as diffuse reflection 
The law of regular reflection for radiation is the same as for 
other forms of wave motion If SO m Fig 56 is the incident ray, 
and OE the reflected one, the angles * and r which they make with 
the normal or perpendicular ON are the angle of incidence and 
the angle of reflection respectivdy For regular reflection the 
angles of incidence and reflection are equal, and lie m the same 
plane 
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The ratio of the total reflected to die total incident radiation 
varies with different materials for various types of radiation. 
Practically all of the metals are good reflectors of infrared radia- 
tion; likewise, such alloys as Duralumin, hfagnalumin, Stellite 
Constantan, speculum metal, monel metal, and german silver. 
Pigments, by comparison are poor reflectors of infrared radiation. 
According to Koller,'^ the best of these is the compound PbO, 
which reflects only 26 per cent of the incident radiation at the 
wavelength 8.8 microns, or 88,000 angstrom units. Metals such as 
copper, aluminum, and chromium reflect more than 90 per cent 
of the normal incident radiation at the wavelength 100,000 ang- 
strom units, or 10 microns. Water and ice are poor reflectors of 
infrared, being less than 2 per cent in the near infrared zone 
(8,000 to 15,000 angstrom units, or 0 8 to 1.5 microns), and not 
exceeding 5 per cent throughout the range 15,000 to 120,000 ang- 
strom units, or 1.5 to 12 microns, the spectral range usually re- 
ferred to as the far infrared zone by those who employ radiation 
for therapeutic purposes. Reflectors of infrared generators are 
usually made of copper, of alumloum, or of appropriate base metal 
plated with a metal having a hi^ reflecting power, thereby in- 
creasing the intensity of Che directed beam while at the same 
time preventing excessive temperature rise of the reflector by 
minimizing the absorption of radiation by it. 

Aluminum and chromium are the best reflectors of ultraviolet 
radiation, and the specially treated alzak aluminum is very much 
superior to ordinary polished aluminum. It reflects about 85 per 
cent of the incident radiation in the biologically important spectral 
range. Silver, which reflects visible and infrared radiation well, 
is a relatively poor reflector for ultraviolet. Reflectors for ultra- 
violet are usually of treated aluminum or of chromium-plated 
metal to assure the maximum output of ultraviolet in the directed 
beam. Water, white sand, and snow have a high reflecting power 
for ultraviolet, as the severe sunburns obtained on the water and 
on the beach, and the conjunctivitis and sun blindness, contracted in 

’KoIIer, Levns R." Infrared, Production and Transnussion, Reflection and 
Measuremeat, General Electnc Review 44 3.JW (March) 1941. 
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tbe arctic regions, attest The reflectivity of snow may be as high 
as 75 per cent, with a slightly frozen surface reflection may be as 
hi^ as 90 per cent A patient therefore, is exposed to almost as 
much reflected radiation from the snow as be is to direct radiation 
from the sun 

B Refraction When a beam of light passes obliquely from one 


yV 



Fio 57 Law of Refraction SS represeDts the surface bet\\eeQ two media 
air and water m this case N N the normal or perpendicular to this surface 
at the point 0 If a ray of Igbt is considered to pass from air to water 
entering the water at 0 the angle t is the angle of incidence and the angle r 
Che angle of refraction If we draw a circle of unit radius with center at 0 
the half cords AC and BD of length respectively d and di will represent to 
scale the sine of the angle » and the sine of the angle r respectively The rela 
tive index of refraction of the two media for the cadiation under consideration 
IS then the ratio of d to di The relative index of refraction (air to water in 
this case) equals the sine of the angle i divided by the sine of the angle r or 
di/l — dj/l = 1 33 The relative index of Tcfraclion water to air would be 
the ratio of dj to d, or 0 75 

medium to another, it is usually bent at the surface separating the 
two media This is known as refraction The bending of a beam of 
li^t can be readily demonstrated by placing an object, let us 
say a com, m the bottom of a deep dish so that it is out of sight of 
the observer’s eye so long as the dish is empty, but on filling it 
with water light coming from the object is bent and comes to 
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the eye as if the coin had been lifted into view. Another simple 
demonstration is to thrust a pencil obliquely into a pan of water 
and observe the apparently sharp bending of the pencil at the sur- 
face. 

As the beam of light passes obliquely from one medium to 
another of greater density, it is refracted towards the normal, or 
perpendicular, to the surface at the point of incidence. If the 
second medium is of lower density, the beam of light is refracted 
away from the normal. In the first case, the angle of incidence is 
greater than the angle of refraction; whereas in the second case, 
the angle of incidence is less than the angle of refraction The 
exact law of refraction was discovered by the Dutch physicist 
Snell, some tw’o hundred years ago, and may be stated as follows’ 

When light passes from one isotropic medium into another, the 
ratio of the sine of the angle of incidence to the sine of the angle 
of refraction is constant for light of any given wavelength, what- 
ever may be the inclination of the incident beam; and the incident, 
reflected (some of the light wdl be reflected from the surface), 
and refracted rays are all in the same plane, called the plane of 
incidence, which is normal to the surface Fig. 57. 

This constant ratio of the sine of the angle of incidence to the 
sine of the angle of refraction is called the relative index of refrac- 
tion of the two media concerned The more this ratio differs from 
unity, the greater the bending of the ray in passing from one 
medium to the other. The indices of refraction of some common 
substances for sodium light (wavelength 5890 A U.), as the light 
passes from a vacuum into these substances, are given in Table 15. 

TABLE IS 

Absowite Ikpicxs ot Refeachon 


Glass, %ery dense fiint t.71 

Glass, light cromt t 51 

Rock salt 1 Si 

Diamcrad 2 47 

Water 1 33 

Alcohol 1 36 

Carbon bisulfide 1 

Air 1.000292 
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All electromagnetic radiation is subject to refraction In Table 
16 are given the indices of refraction of rock salt and fused quartz 
for various wavelengths in the infrared, visible, and ultraviolet 
spectral zones. 

TABLE 18 


Inpices or REfsAC^o^s c* Rocs Salt and Fused Quartz 
Rock Salt 


WavelcDgth 

Index of Refraction 

18S0 A U 

1 693 


1 544 

8340 

I 534 

11790 

1 S30 

23570 

1 526 

1 Fused QuarU j 

Wiveleagih ' 

Index of Refiecbon 

1850 A.U 1 

1 574 

2144 

1 533 

2503 : 

1 507 

3034 ' 

1 4S6 

4048 

1 470 

5890 

1 458 

7947 

1 453 


The fact that Ti^t can he refracted makes possible lenses, 
microscopes, telescopeS« and spectacles to correct defects in 
vision The rainbow is but the dispersion of sunlight into its com- 
ponent colors by the refraction of these component wavelengths to 
different degrees 

C Di§raclion. If light from a point source passes the edge of a 
postcard and falls upob n white screen, the shadow of the edge 
is not sharply defined, but deepens to darkness gradually on one 
side, and is bordered by very narrow alternate bright and dark 
fringes on the other These fnnges, due to alternate reinforce- 
nent and interference of the radiation from the source by radia- 
tion from a new centef of wave disturbance, namely, the edge 
3f the card, are known as diffraction bands. Fig. 58. Another 
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Fig 58 Dijjractton 0 } Lt^hl The diffraction, or apparent bending, of a beam 
of light can be achieved by means of a so-called diffraction grating One 
form of grating may consist of a piece of plate glass with many fine parallel 
lines, several thousand to the inch, ruled ivith 3 diamond point across it. 
G represents such a grating, and W, W sections of plane wave fronts ap- 
proaching it perpendicularly On passing through the narrow openings between 
the opaque lines, each wave front will assume a cylindrical form (Huyghen’s 
Principle), and the direction of advance will be the radu of the cylinders, 
namely, Or^, Or^, Or,, 0’r‘,, O'r**, O’r*,, etc Let the arcs drawn from 
0, O*, O" as centers represent new wave fronts at any instant, and let the 
radial distance between these axes be equal to the wavelength of radiation 
of any color There is evidently some direction, in this case Or^, in which 
the wave fronts from 0 will be constantly in advance of the correspondmg 
wave fronts from O’- by a distance equal to tbe wavelength Similarly, those 
from O’ are ahead of those from O", etc The senes of parallel tangents 
drawn to these arcs represent tbe senes of gJase wave fronts advancing in 
this direction. In this direction the particular color will be reinforced, and 
all other colors will suffer whole or partial interference, thus the phenomenon 
of diffraction can be explained on tbe basis of interference, as can also the 
indescence of soap bubbles, thin films of oil we observe on the roadway, 
to mention a few of tbe every day examples of the interference of light 
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example of diffraction is the concentric bands surrounding the 
magnified image of a minute parUde Ail radiation consisting of 
wave trains can be diffracted No further discussion of the phe 
nomena arising from the interruption of wave trains will be 
attempted m this discussion, for so far as the therapeutic applica 
tion of infrared and ultraviolet radition is concerned, no practical 
use will be made of diffraction 

D Polanzatton Radiation, as already stated, consists of a 
wave tram in which vibration occurs m all directions at right an 
gles to the direction of propagation If a beam of light is reflected 
from the polished surface of a dielectric such as glass, we will find 
by suitable examination that a larger part of the reflected beam 
IS vibrating at tight angles to the plane of reflection than in that 
plane A little experimentation will demonstrate that at a certain 
angle of incidence (the ‘ polarizing angle,” which is different for 
different dialectncs) , the component vibrating m the plane of re 
flection IS practically extinguished all vibration being confined to 
the plane at right angles to this The light is then plane polarized 
Fig 59 This effect is more conveniently produced by a Nicol 
prism or by one of the recently invented polarizing films Such 
pnsms and films polarize by transmission with less loss of light 
The reduction of glare, due to light reflected from roads, by the 
wearing of polarizing glasses is a practical application of the 
phenomenon of polarization In photography users sometimes made 
of this characteristic of radiation to achieve stereoscopic views 

VIII Transmission and Absorption The transmission of 
radiation through a substance depends upon the material of that 
substance and the vibration frequency or the wavelength of the 
radiation under consideration Materials opaque to visible radia 
tion may transmit invisible radiation well, and materials that 
transmit visible radiation readily may be completely opaque, i e , 
absorb compktely, invisible radiation 

When radiation impinges upon a substance, a certain part is 
reflected and a certam part absorbed, with the remainder trans 
mitted Only that portion which is absorbed can be mstrumental 
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Fxg 59 PolcrtMttcn of Lt%ht The vtbraUoos ol ladiauoo are consideied to 
be transverse that is at nght angles to (be direction of propagation of the 
wave If a piece of tourmaline is placed m (be path of a beam of tight and 
(ben a second piece rvitb its axis at ngbt angles (o that of the first is placed 
in the path of the beam traosmitted through (be first crystal no light will be 
traassutted that is there ndl be complete extinction of the radiation If the 
second piece is noiv removed and the first rotated through JfiO degrees it will 
be observed if the radiatioo has not already been polarized that radiation will 
be Iransnutted regardless of the posiUoa of the axis of the ciystaL It is evident 
then that the vibrating motion must be transverse and m all planes passing 
through the line representing the direction of propagation 
The transverse vibrations can be resolved into vertical and honzontal 
components In the figure the curves in the honzontal and vertical planes 
represent respectively the vanation m amplitude with respect to time of the 
summation of all the honzontal components and of all the vertical com 
ponents of the transverse vibrations polarizing matenal I with its optical 
axis m (be vertical position will pennit only the vertical component to be 
traosnutted ‘Ihe transmitted beam will now consist of vibrations only in the 
lertJce} plane sad is ssid ta be pcdarued m ibe honsoatal plane 1/ a second 
piece of polanzing material U is placed with its optical axis m the honzontal 
position at ngbt angles to the optical axis of polanzing matenal I the vertical 
component will be absorbed and no light will be transmitted 

m bringing about chemical or other effects This is known as the 
Grotlhus Draper Imv}, the first law of photochemistry 
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A consideration of the curves in Fig 60 shows clearly that for 
equal intensities of radiation at the depth of 2 cm , the inadent m 
tensity would have to be much greater in the case of radiation 
having the wavelength 12,000 A U than in the case of radiation 
having the wavelength 10,000 AU Under these conditions, the 
ratio of depth dose to superficial dose would be considerably 
greater when usmg the shorter wavelength In fact, the incident 
intensity of the radiation of longer wavelength will be approxi- 
mately 5 5 times that of the radiation of the shorter wavelength 
m order that water 2 cm from the surface be subjected to the 
same intensity The ratio of depth dose to superficial dose at the 
depth of 2 cm would be 0 5 for radiation of wavelength 10,000 
AU , and only 0 Q9 for radiation of wavelength 12,000 AU * 
The radiations with which this discussion is chiefly concerned, 
as already stated, are the infrared and ultraviolet radiations 

* Let us calculate first the incident intensity of the radiation of shorter wave 
length in terms of the incident intensity of t^ longer wavelength radiation for 
equal intensities at a depth of 2 cm and then the ratio of depth dose to 
superficial dose for the two wavelengths of radiation 

Let Ig s incident intensity of radiation of wavelength 10 000 AU 

V = incident intensity of radiation o! wavelength 12 000 AU 

1 “ intensity at 2 cm depth of radiation of wavelength 

10000 A U 

and I‘ *« intensity at 2 cm depth of radiation of wavelength 
12 000 A U 

But I' = I according to the conditions of the problem. 

Now I = **** 

and I* = Ig*e > Irom Lambeit’s AbsoipUon Law 
Therefore Ig'e ‘ = I.c-***** 

Ig* _e ”«* e 

Taking logarithms of both sides of lie equation 
I* 

loffio — = 1 7 X 434 = 0 7378 

I * * 

Then— >= 5 47 


(Footnote continued on next page) 
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Infrared and the longer visible radiations are absorbed molecu- 
larly, that is to say, the energy of such radiations on absorption 
is imparted to the molecules, resulting in their more rapid motion 
and hence increased kinetic energy. The consequence is a heating 
of the absorbing medium. Such radiation is, therefore, referred 
to as thermogenic, or heat generating, radiation The energy of 
uitraviolet radiation and of the shorter visible radiations, on the 
other hand, is absorbed by the valence electrons of the atoms mak- 
ing up the absorbing substance, and hence is instrumental in 
bringing about photochemical reactions. Such radiations have 
dominantly a chemical effect, and are consequently spoken of as 
aciinic in their effect 

The total radiant energy absorbed by a substance is proportional 
to the intensity of the radiation entering the medium and the 
time that the radiation is permitted to enter. If the intensity of 
radiation is expressed in energy units falling on a square centi- 
meter per second, the total energy falling on that square centi- 
meter in a given number of seconds would be equal to intensity 
limes seconds; or total energy, E, equals It. This is referred to 
as the Bunsen-Roscoe Reaproctty Law, or the h law. If the in- 
tensity of the source used should drop off 50 per cent, the same 
total energy can be applied by mcreasmg the time of irradiation, 
in this case doubling it If this is expressed in symbols for the 

sake of brevity, Ei = I X t and E* X 2t =: It 
Therefore, Ei == Ej 

IX Intensity and Its Mbasukshent. The intensity of the 
radiation with which this discussion is primarily concerned is 


(CanltnualtoH of /oolnate) 

The raUos of depth dose to superficial dose at the depth of 2 0 cm will 
be as follows 


Wavelength of Radiation 

Baiio of Depth Dose to Superficial Dose 

10.000 A U 

12.000 A.U 

I/I. = = e- «»* = 0 5 

1 = e =009 
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measured in terms of energy units delivered per unit time per 
unit area. The erg is the energy unit employed, and is equal to 
the work done when a force of 1 dyne is exerted through a distance 
of 1 cm ; the unit area, the square centimeter; and the unit of 
time, the second The number of ergs delivered per second is 
usually expressed as microwatts, and the intensity is given as so 
many microwatts per square centimeter at a given distance from 
the source 

Various types of meters for the measurement of radiation have 
been devised and are referred to as radiometers Some are selec- 
tive in their response to radiation, and others are non-selective A 
radiometer, having a selective response, responds more strongly 
to certain wavelengths of radiaUon than to others, whereas a 
radiometer of the non-selective type responds equally to radiation 
of all wavelengths throughout the range of wavelengths for which 
the radiometer is designed Such radiometers give the true in- 
tensity of the radiation and not a reading which is indicative of 
the effectiveness of the radiation in producing the effect upon 
which the radiometer operates 

Intensity readings obtained with a radiometer of either type 
are useful only for the purpose of comparing similar sources of 
radiation These readings do not constitute a reliable guide, how- 
ever, to biologic or therapeutic effects obtainable with the lamps 
emitting the radiation Obviously, the same number of micro- 
watts per square centimeter could be obtained from both an 
incandescent lamp and a generator of ultraviolet rays, but without 
producing the same biologic effects 

Further discussion of radiometry is beyond the scope of this 
book, and the reader is referred to the various works and mono- 
graphs published on this subject. For less extensive information 
than given in such standard works but more complete and detailed 
than can be attempted here, it is suggested that a good encyclo- 
pedia be consulted For additional information, prepared in a 
popular manner on the various other subjects pertaining to the 
physics of radiation, which perforce must be rather sketchily dis- 
cussed in this book, a work such as the Encyclopedia Bnlannica 
may well be consulted. 
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X Inverse Square Law As the distance is increased between 
i screen and a source of illumination such as an incandescent 
amp, tlie intensity of illumination on the screen decreases rap 
dly If the distance is doubled the intensity will be found to 
lave decreased to approximately 2 nd if the distance is 
ncreased to 10 times the original distance, the intensity will be 


/?' 



Fic 61 Illustrating the increase of area irradiated and consequent decrease 
in intensity of radiation as the distance from a point source of radiation to 
he plane of irradiation is increased The area jiradiated is directly proper 
lonal to the square of the distance but the intensity is msersely proportional 
0 the square of the distance Expressed m symbols 



in svhich Ij IS intensity at distance d, and Ij that at distance dj 

of the order of I/IOO the intensity at the original distance Let 
us consider the source of light to be a point source In Fig 61, 
S represents the point source, and A B C D S a rectangular pyra 
mid, having a base A B C D of unit area at a unit distance from 
the source Let us now consider the altitude of the pyramid 
doubled The base of the pyramid will then be the surface A' 

C‘ which is at a distance of 2 units from the source The 
total light flux emitted within the pyramid is now distributed over 
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an area four times as great as it was when the base was con 
sidered to be at unit distance from the source Obviously, as 
the area over which the li^t is distributed is increased, the 
intensity of the illumination decreases, and decreases inversely 
as the area increases The area intercepted on the plane by the 
pyramid mcreases as the square of the distance from the source 
Hence, the intensity of illumination at any point from a point 
source of light is inversely propiortional to the square of the 
distance of the point from the source This is known as the 
Inverse Square Law Although it applies only to a point source 
which IS not provided with a reflector, it can be used to approxi 
mate roughly the time that should be used for irradiation on 
increasing or decreasing the distance between the source and 
the patient For example, if a minimal perceptible erythema is 
producd by an ultraviolet lamp m 1 minute at a distance of 30 
inches the tune required for such erythema at a distance of 40 


inches would be approximately 


40X40 

30X30 


X 1 minute, or 1 8, or 


about 2 minutes 

The purpose of this example is to point out that as the distance 
IS mcreased the time of exposure must be increased to compensate 
for the reduced intensity The time of exposure must be increased 
as the square of the ratio of the distances from the source It is sug 
gested that you determine the relative intensity of the lamps you 
employ at various distances so that you may know whether 
the inverse square law bolds suffiaently close for your lamps 
to justify its use in estimating treatment time at various dis 
tances 


XI Cosine Law (Effect of the Obliquity of Irradiated Sur 
face on Intensity of Incident Radiation) If we consider a parallel 
beam of radiation of imtform mtensity impmging normally on a 
rectangular surface, ABCD, Fig 62, the mtensity of the radiaUon 
o\ec the irradiated surface, is equal to the total radiant flux 
divided by the area of the surface on which the flux falls Let us 
tUt the surface through an angle of 0 degrees, making an angle 
of (90 0) degrees with, the beam of radiation In Fig 62, P 
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represents the plane of the surface when the surface is at right 
angles to the beam of radiation; and its plane when the 
surface is at the angle of (90-0) degrees with respect to the beam. 



Fig 62 Illustrating schematically the reducUoa m intensity of radiation due 
to obliquity of beam. The intensity is proportional to the cosine of the angle 
0, which IS also the angle between the beam of radiation and the perpendicular 
to the plane being irradiated. The relationship between the mtensities is 
known as the Cosine Laro, and is eapressed m the fonn of an equation. 

I, = Ij cos O 

It is evident that the radiant flux of the beam will now be dis- 
persed over a greater area, A* B C D’, Fig 62. From Fig. 62 it 
is readily seen that D C and D* C are respectively the side 
adjacent and the hypotenuse of a right triangle having an acute 
angle of © degrees The ratio of the side adjacent to the 
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hypotenuse of a right triangle is the cosine of the included angle 
Hence 

HC _ cosme 0 

D'C 

Since the same total amount of radiation falls on the areas 
represented by A B C D and A‘ B C D‘, it is obvious that the 
intensity will be greater the smaller the area on which this given 
quantity of radiation falls If I, is the intensity when the surface 
IS at right angles to the beam, I* the intensity when it is inclined 
at O degrees with respect to this position, and the amount 
of radiation delivered to the surfaces per unit time, 




I,= 


(AD)X(BC) 

<t> 

(A'DOX(DC) 


(AD)X(DC) 


I, 

Therefore — = — ■ " 

I. (A'D')X(D'C) 


But since A'D' s=s AD and «= cosine 0, 

D'C 


(AD) X (DC) 
(AD') X (D C) 


I, 

— ss cosine O 
I, 


In Table 18 are given the relative intensities for different values 
of 0 and the corresponding exposure times for the same total 
radiation per unit area of irradiated surface 

When irradiating a patient, the beam of radiation should be 
so directed that the impinging rays will strike the surface as 
nearly perpendicularly as possible However, the error in exposure 
time IS not excessive if no compensation is made for decreased 
intensity, so long as the deviation of the beam from the perpen 
dicular to the irradiated surface does not exceed 30° For a 30° 
deviation from the perpendicular, corresponding to an angle of 60° 
between the surface and the beam of radiation, the exposure 



RAniATION 


m 


would have to he increased only IS per cent. If the desired degree 
of erythema is obtained in 1 minute with the beam impinging 
at right angles to the surface, an exposure time of one minute 
and 9 seconds would produce the same effect if the lamp is in- 


TABLE IB 


DembOD of Beam 
From PerpendjcuUr 

(O 

Itelative 

iQtensity 

(!) 

Relative £x 
posure Tune 
(0 

Esposure Tune, if Time 

IS 1 }>Iiaute When Beam 

IS Perpendicular 

0 

100% 

100% 

1 0 nun 

30 

86 6 

115 

1mm 9sec 

•J5 

70 7 

141 

1 mm 25 sec 

CO 

$0 

200 

2mia 

90 

0 

” 

" 


dined so that the beam impinges at 60® with respect to the sur- 
face. A difference of 9 seconds does not seem of great enough 
significance in the case of ultraviolet irradiation to warrant making 
corrections for deviation of the beam from the perpendicular In 
appVicalion, dwect the beawv as neatly peipenditwVaT 
the surface to be irradiated as you can judge, without making 
actual measurements; then any error that might be introduced will 
be negligible. 
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Definition The term Thermogemc Radiatton will be 

used 


to describe heat producing radiation By derivation it means beat 
producing In our opinion it is to be preferred to such terms as 
phototherapy, radiant heat therapy, infrared therapy, and the 
vague misnomer “deep therapy,” for the term thermogemc radi 
atton IS inclusive of all radiation which is productive of heat 
within tissues, furthermore, the term is definitely descriptive of 
the effect such radiation produces, namely, the generation of heat 
Thermogemc radiation may then be defined as radiation which, 
on absorption, is transformed into heat within the absorbmg 
medium Such radiation, as already stated, is absorbed molecu 
larly Its energy is utilized in mcreasing the rapidity of motion 
of the molecules of the absorbing body, and so their kinetic energy 
The heat energy possessed by a body depends upon the kmetic 
energy of its particles Therefore, the absorption of radiant energy 
which increases the kinetic energy of the molecules results m an 
increase of heat energy in the absorbmg body, with proportionate 
increase m temperature Whether the rate of rise m temperature 
IS directly proportional to the rate at which energy is absorbed, 
depends upon the rate at which heat is lost from that body 'Die 
temperature, however, will nse until the rate of heat loss equals 


194 



RADIATION 


195 


the rate of heat generation This suggests that to produce maxi- 
mum temperature rise in tissue, if such is desired, steps should be 
taken to minimize the rate at which heat is lost. For that reason, 
a lamp generating thermogenic radiation is frequently draped as 
shown in Fig. 63 By this means the irradiated area will be 
subjected to air having a temperature sufficiently high Co reduce 



Fxc 63 Adraiaistratjoa of themiogeoic raduUoQ 
Ulustiating method of teducmg heat loss 


loss of heat from the skin by convection currents of cool air; 
furthermore, it insures that the air in contact with the irradiated 
skin will be sufficiently saturated with moisture to reduce evap- 
oration of perspiration and consequent cooling of the skin and the 
blood in the capillaries. 

Thermogenic radiation comprises the infrared portion, of the 
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A Infrared Infrared radiation, as used therapeutically ex 
tends from the limit of the visible zone, having a wavelength of 
approximately 8000 AU, to about 150,000 AU Therapeutic 
infrared radiation is subdivided into two spectral zones, one des 
ignated the near mjrared and the other the jar infrared 

1 Near Infrared The near infrared zone extends from 8000 
A U , the limit of the visible spectrum, to IS 000 A U 

2 Far Infrared The far infrared extends from 15,000 AU 
to 150 000 AU The marked absorption of wavelengths beyond 
IS 000 A U by water, suggests 15,000 A U as a reasonable point 
of division between the near and far infrared radiations 

B Visible Visible radiation that is thermogenic in effect, ex 
tends from the limit of the red rays, having a wavelength of 
8000 A U , down through the red and possibly including the 
orange and yellow So far as conclusive evidence is concerned^ 
either experimental or clinical, the only effect of the long visible 
rays seems to be the production of heat, and consequently such 
rays are employed for that purpose in medicine However the 
fact that these vibration frequencies give rise to visual color 
sensations indicates that such wavelengths of radiation produce 
chemical effects, for it is through the chemical effect of radiation 
on chemical substances in the retina that visual sensations are 
stimulated Therefore, it may be that visible radiation is not 
completely absorbed molecularly by tissue with resultant heat 
generation therein, but that a portion is absorbed by the valence 
electrons of light sensitive substances which may be present, giv 
ing rise to chemical effects It may be that further investigation 
will definitely establish whether visible radiation, on absorption by 
tissue has only a heating effect or has, in addition, photochemical 
^ effects which may be useful m the treatment of certain conditions 
^ On the basis of present evidence, however, we in this discussion 
shall assume that the only effect is thermal, and shall give technics 
of application based on that assuropfaon 

11 Generation Sources of thermogenic radiation fall into two 
classifications luminous and non luminous, depending upon 
whether or not there is present a component of visible rays m 
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the range of wa\elengths of radiation emitted by the source. Let 
us consider, first, non-luminous sources. 

A. Non-lumtnous Radiators As already stated, such radiators 
emit radiation which does not have a component of visible radia- 


tion They consist of heated 
bodies. Such heated bodies 
may consist of resistance 
wire, wound into appropri- 
ately shaped coils, Fig 64, 
of resistance wire covered 
with copper tubing or with 
other metal. Fig. 65 ; or with 
carborundum or some other 
refractory material, Fig. 66 
These coverings, if highly 
conductive electrically, must 
be electrically insulated 
from the coils of the resist- 
ance wire to prevent short 
circuiting, either by air, or 
by such materials as are 
electrically insulating, or 
relatively poor electrical 
conductors, but still rela^ 
tively good thermal conduc- 
tors When air is used as 
an insulator between the 
coil of resistance wire and 
the cover, the cover obvi- 
ously IS not heated by con- 
duction but by the absorp- 
tion of radiant energy which 
is emitted by the electrically 
heated coil and transmitted 



Fig 64 Elemeat consisting of resistance 
wire, emitting dominantly far infrared 
tadiaUoa 


through the layer of air The resistance wire serves merely as a 
heater when a covering is employed The covering, which is 
heated by the resistance wire, is the source of the radiation. 
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The amount of wattage, dissipated in the resistance wire, will 
determine whether the source is to be classified as non luminous 
or luminous The radiators illustrated m Figs 64, 65, and 66 are 
usually operated at such power consumption that they are heated 



Fig 65a. Element consisting of lesistaoce wire covered with copper tuhmg 
which IS separated from the coil of resistance wire by appropriate insulation 
emittmg dommantly far infrared raduUon (Caliod Umt) 


Fig 6Sb Radiograph sbowmg construcbon of the Calrod Unit. 


suffiaently high to enut some visible radiation However, the 
emission from these sources is dominantly non lummous, and so 
It has become customary for many to refer to such sources as 
non-luminous, m contradistinction to brilliantly lummous sources 
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such as incandescent lamps How ever, by operatmg these radiators 
at a lower wattage, the emission from them can be restncted to 
the longer non luminous wavelengths Under such conditions of 
operation, they are true non luminous sources of thermogenic 



Fig 66a. Element consisting of resistance wire embedded witfun carborundum, 
emitting dominantJy far infrared radiation (Zoalite Unit) 

Fig. 66b Kadiograpb showing coosiniction ol Zoahte Unit. 


radiation The terms luminous and non luminous are objection 
able As will be brought out in subsequent paragraphs, the terms 
jar tnjrared and near infrared are to be preferred for designatmg 
the type of radiation emitted by various sources of thermogenic 
radiation 
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All bodies having a temperature above absolute zero, which is 
the temperature at which theoreticaKy ah molecular moUon ceases 
emit radiation The intensity o£ the radiation, and the range of 
wavelengths emitted, are dependent upon the temperature of 
the radiating body Let us assume a body which will absorb all 
radiation that falls upon it and will reflect none Such a body must 
be black in color and possess a zero reflection coefficient for all 
wavelengths of radiation This theoretical body is called a perfect 
black body Such a body is a highly efficient emitter of radiation 
It has been found that the total rate of emission from such a body 
IS proportional to the fourth power of its absolute temperature 
{Stephan Boltzmann Laio) * The absolute temperature of the body 
equals its centigrade temperature plus 273° This absolute tem 

• Stefan Boltzmann Law The relalioo that total emission rate is proper 
tional to the fourth poner of the absolute temperature is known as the 
Stefan-Bolt,mann Law and is expressed m the form £ = KT* m which E 
js the emission in ergs per second per square centmtltr of radiatis; surface 
T the temperature of the radiating body m degrees KeMn and fC a proper 
tionality constant called the Stefan Boltzmann constant Stnclly speaking the 
foregoing relation bolds only when the temperature of the surrouixhng surfaces 
IS at absolute zero Taking into consideraUoo the fact that these surrounding 
surfaces are at some temperature T, above absolute zero the relation is ex 
pressed as foUows E = K (T — T* ) 

If the body is not a perfect or black body radiator a term must be intro- 
duced in this relation representing tbe emissmty of the body Letting Ct 
be tbe emissivity of the radiator the equation is now written 
E = K (T* — T,;) e. 

The emissivity et depends on tbe nature of the radiator and is influenced 
somewhat by temperature For a perfect ot black body radiator it is unify 
and approaches unity for rough surfaces la the following table are given 
values of et for a number of metals 


Metal 

1 

Total Emiss vity e 

1 at 

lOOOK 

1S00K 

2000 K 

Tungsten 

0114 

0192 

0J60 


200 L. 

400 R 

600 K 

Oxidized Aluminum 

oin 



Oxidized Copper 

056S 



Oxidized Cast Iron 

0643 



Oxidized 2v ckeJ 

0360 

0424 1 

0 473 


(Footnote conitnuoionnexl page) 
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perature is usually referred to as its temperature in degrees Kel- 
vin, written T° K. 

The Jaw discussed in the previous paragraph shows how much 
energy is radiated at a given temperature but it does not give any 
information regarding the spectral distribution of the radiant 
energy. The energy radiated in any wavelength interval is given by 
a law known as Planck's Radiation Law.* In Fig. 67 are plotted 
the calculated spectral energy distribution curves of a black body 
radiator for the absolute temperatures of 1000“ K, 2000“ K, and 
3000“ K for equal total emission of radiant energy of all wave- 
lengths. 


(Conlmualton of footnote) 


If T is greater than -4 Ta, the error introduced by neglecting To is less than 
0 5 per cent, and the Stefan Bolumann Law may be stated m the conveuent 
fonn; E as KT* Ci, m which K, =s 5 7 X tO-* ergs per sec. per cm.* per deg.* 
SubsUtuting the value for K and converting ergs per second into watts 
(10* ergs per second =» 1 watt), we have 

E =» 5 7 X to ** T* e* watts per square centimeter. 

Example. Let us determine the emission in watts per square centimeter of a 
tungsten radiator heated to a temperature of 1000^ K 

5 7 X 1000 X 1000 X 1000 X 1000 X 0114 

Ea 

1,000.000.000.000 

a 65 watts per square cm. 

If the temperature of the radiator is increased to 1500° K, the emissioa 
mil become 


5 7 XI5CO X 1500 X 1500 X 1500 X 0 192 

E== — 

1.000.000,000.000 

= 5 53 watts per square centimeter 

Therefore, by increasing the absolute temperature SO per cent, the emission 
5 53 

IS increased ■■ - = 8 5, or more than 8 fold. 

0 65 

* Planck’s Radialion Law After subsUtutiog appropriate numerical values 
in this law, the following equation is obtained 

(3 732 X A-» 

ExdA = -^ 1 ; 


2 718 


iT_ 


nhere ExdA = energy radiated in the wavelength interval dA in watts per 
square centimeter of radiating surface; L= wavelength in centimeters, and 
T = absolute temperature m degrees Kelvin. 



'i * to ' AO 4^0/t 

Fic 67 Calculated spectral energy distrrbuUon curves of a blade body at 
diSerect temperatures for equal total emission of radiant energy of all 
wavelengths 

The radiatioo emitted by a hot body, as shotro by Planck, is com* 
posed of radiation of various wavelengths If the intensity of these 
radiations is measured and plotted against wavelength, a curve will 
be obtained whose shape is cbaracteristic.of all hot body radiators 
This curve, representing the spectral distnbution of energy emitted 
by a hot body, always has a majumum at some particular wave- 
length As the temperature of the radiator vs increased, the wave 
length at which the maximum emission of energy occurs is de 
creased A definite relationship has been found to exist between the 
wavelength at which the maximum emission occurs and the abso 
lute temperature of the radiating body This relationship is known 
as Wten’s Displacement Law * 

In Table 19 are given the wavdength at which maximum emis 

• DispUnerrunt Law If 15 the wavelength m microns at which 

maomuni intensity of emission occtus and T is the absolute temperature in 
degrees Kelvin of the radiatmg body (black body), 

S,T = 2W 
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sion occurs, and the intensity of radiation at this wavelength for 
the black body radiators whose spectral distribution curves are 
given in Fig. 67. The per cent of the total energy emitted in the 
spectral zone extending from 5000 A U., or 0 5 microns, to 16,000 
A U., or 1.6 microns, is also given This spectral zone encompasses 
the range of wavelengths which iviU be shown to have maximum 
penetration into tissue 


TABLE 19 


Temperature d 
Black Body 
Radiator 

Waveleogtb at 
VMuch Maximum 
Emission Occurs 

Intensity m Micrtv 
ergspersq cm. 
per sec at This 
Was elength 

Per Cent of Total 
Radiation Emitted 
in Zone 

X=S000AU to 
X=16000 A-U 

1000- K 

2SWAU 

13 0 

2 5 

2000* K 

14420 A U 

26 4 

30 3 

3000* K 

9613 A U 

39 4 

50 5 


B. Luminous Radtators From a consideration of the spectral 
energy distribution curves in Fig 67, it is evident that a black 
body at the temperature of 1000® K emits no appreciable radiation 
in the visible zone, 4000 A U to 8000 A U Hence, it may be con- 
sidered a nonluminous source, that is, a source which emits no 
radiation that stimulates the sensation of vision 
A black body at temperature 2000° K does, however, emit 
radiation in this zone, and must, therefore, be classed as a lumi- 
nous source, although the amount of energy emitted in the visible 
zone is mudi less than the output of invisible infrared radiation. 

At 3000° K a radiating body would appear white hot. Such a 
radiator emits a relatively large percentage of its total radiation 
output in the visible zone of radiation. 

The latter two radiators are luminous radiators. From a consid- 
eration of the percentage of total radiation output emitted in the 
zone of maximum penetration into tissue, that is, the percentage of 
the total radiation emitted in the spectral zone, 5000 A U to 
16,000 A U., the more luminous sources are obviously to be pre- 
ferred as generators of thermogemc radiation for therapeutic use 
A black body at the temperature of 3000° K is clearly a more 
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efficient generator of the desired thermogenic radiation than are 
those at the temperatures of 1000* K and 2000° K 

A metallic body however, could not be heated to this tempera 
ture in the open air \\ithout complete oxidation and burning up 
Therefore, it is necessary to select a metallic substance that has 
a high melting point and to heat that substance to the desired 
temperature in an evacuated glass bulb, or in a glass bulb con 
taming an inert gas such as nitrogen or argon The ordinary in 
candescent lamp having a filament of tungsten and filled with an 
inert gas provides, therefore, an ideal source of thermogenic 
radiation of the preferred wavelengths 

Referring to Fig 67, the spectral energy distribution curve 
for a black body at the temperature 3000° K may be taken as 
representing approximately that obtained from a tungsten fila 
ment lamp, and the spectral distribution curve of a black body 
at 2000® K as representative of a carbon filament lamp The 
carbon filament will emit about 30 per cent of its total radiant 
energy m the desired spectral zone whereas the tungsten lamp will 
deliver 50 per cent of its output in this preferred spectral region, 
as indicated in Table 19 The carbon filament lamp may produce 
a greater sensation of superficial heat than the tungsten filament 
lamp, but this is due to the fact that a greater proportion of its 
total output lies in the far infrared zone Far infrared radiation 
penetrates but slightly into tissue, it is absorbed and transformed 
into heat in the superficial tissues, where the endings of nerves 
responding to heat and cold he 

Some are under the impression that various colored bulbs may 
have certain specific effects There is no evidence supporting 
such a view Glass bulbs of various colors which have specific 
absorbing properties that will reduce intense glare, without too 
great a sacrifice of radiant energy in the zone of preferred wave 
lengths may at times be used advantageously The use of various 
filters m conjunction with a tungsten filament lamp will be dis 
cussed in the following paragraphs 

III Transmission and Absorption Radiant energy does not 
produce an effect unless it is absorbed A knowledge of the trans 
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mission and absorption characteristics of certain substances, there- 
fore, are of the greatest importance as a guide in the intelligent 
use of radiation for therapeutic purposes Of these substances, 
water is one of the most important, for water constitutes about 
80 per cent of living tissues and its transmission and absorption 
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Fig 68 Transmissioa of radiation by \arious substances A 4 mm of water 
6 Coming glass. No 254, 1 mm. thick. C. Human cheek. 


characteristics must therefore have an important effect on the 
transmission and absorption of radiation by living tissue Meas- 
urements of the transmission of radiation by 4 mm. of water,* by 
the human cheek,* and by Corning glass No 254, 1 mm in thick- 
ness,* are given in Fig 68 

The transmission curve for the human cheek shows that the 
thermogenic radiation which penetrates relatively deeply into 

* LucLIesb, M : Sources of Visible and Infrared Radiations for Deep Ther- 
apy Journal of the Franklin Zastidite Vol 207, No 1 (Jaa) 1929 

’Cartwright J Optic Soc Anicnca 20 83 (1930) 

* Handbook of Chemistry and Physics, 23rd Edition Chemical Rubber Pub- 
bshiDg Co, Cleveland, 1939 
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tissue, Ues in the spectral zone 5000 A U to I6i000 A U A source, 
therefore, which delivers a high percentage of its radiation in this 
zone, should produce a relatively high ratio of subcutaneous heating 
to skin surface heating 

The percentages of the incident radiant energy from various 
sources which penetrate to a depth of 1 mm and I cm in tissue 
as given by Fors3^he and Christison* are recorded m Table 20 


TABLE 20 



Iron 

CaiboD 

Tungsten 



Heater 

Filament Lamp 

Filament Lamp 

Sun 


(1000'’ R) 

(21S0“ K) 

(2970" K) 


1 ram Flesh 

0 58% 

15 0% 

30 0% 

29 0% 

l cm Flesh 

0 02 

09 

19 

2 3 


Further increase m subcutaneous heating, m comparison with 
skin heating, can be obtained by eliminating the longer infrared 
wavelengths beyond 15 000 A U This can be achieved by using 
a water cell m conjunction with a high wattage tungsten hlament 
lamp The uitense visible light from such a lamp may, under 
certain conditions, be objectionable In such case, the visible 
radiation can be eliminated by the use of a 1 mm filter of Corning 
glass No 254, known as a heat transmitting filter The addition of 
such a filter would decrease the radiation in the desired zone of 
wavelengths about 35 per cent When such a filter is employed, 
means must be provided to cool the filter 

Tungsten filament lamps of various wattages are used clinically 
The wattages are commonly 500, 1000, and 1500 Where a bat 
tery of lamps is used, the lamps may be of 60, 100, or 200 watts 
each The type of radiation obtained from tungsten filament 
lamps, so far as the range of emitted wavelengths is concerned, is 
the same regardless of the watu^e consumed by the lamps, so 
long as the temperature of the filaments remains constant 

‘Forsythe W E Chnstuoo F Ultraviolet Radiation from Sun and 
Heated Tungsten J Optic Soc. Amenca 20 396-410 (July) 1930 
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The iotensity of the radiation will, honever, be greater with 
the higher waltages If, however, a 1000 watt tungsten filament 
is operated at 50 per cent of its rated voltage, and hence at a 
markedly lower wattage, the type of radiation will be altered, 
for the temperature of the filament will then be at a reduced level 
Tivilh consequent increase in the long wave infrared component 
of the emitted radiation. 

Lamps rated at different wattages have filaments of such dimen- 
sions that the lamps, when operated at their rated wattages, emit 
radiation of the same spectral distribution. 

IV. Relative Heating by Various Sources. The measure- 
ments of transmission of thermogenic radiation through the human 
cheek, presented in the preceding discussion, show that maximum 
penetration occurs at a wavelength of about 11,000 A.I/. Wien’s 
displacement /ciw may be employed to determine the approximate 
temperature of a radiating body which has its maximal emission 
at the wavelength of 11,000 A U or l.I microns. We find that the 
absolute temperature of such a radiator must be 


T=» 


2884 

~ 


2884 

TT 


= 2620®K 


The tungsten filament of the ordinary incandescent lamp used 
for lighting purposes, when provided with its rated voitage, op- 
erates at a temperature of about 2900° K. Hence, such a lamp 
should be an excellent source of penetrating thermogenic radiation 
In Fig. 69 is given the spectral energy distribution curve of a 
tungsten filament lamp, both with and without a water filter. A 
water filter, as was shown in a preceding paragraph, absorbs 
strongly those wavelengths which have but slight penetrating 
power into tissue, and which therefore heat chiefly the skin. By 
■using a water ceil in conjunctiaD wilii an incandescent lamp, these 
longer radiations which produce heating primarily of the skin, 
can be eliminated. Thus greater exposure, with consequent greater 
heating of the subcutaneous tissues, will be tolerated by the 
patient. 
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In Fig 69 are also given the curves of spectral energy distnbu 
tion from an incandescent lamp, with and without a water filter, 
after having been transmitted through the average human cheek 
In each case, the amount of energy remaining unabsorbed after 
traversing this thickness of tissue, is proportional to the area in 
eluded under the distribution curve 



Fig 69 Spectral energy distnbution of a tungsten lamp tatmg 6 42 amperes 
at no volts A. In arr B In water cooled unjt with filter of circulating water 
C Curve A after transmission Ibrougb cheek (computed) D Curve B after 
transmiss on through cheek (computed) 

It IS evident from Fig 69 that the ratio of energy unabsorbed 
after transmission through the average cheek to the total incident 
radiation, is considerably greater when a water filter is employed 
The water filter effectively absorbs the long mfrared radiation 
which is not transmitted by tissue, but which is absorbed and 
transformed into heat in the upper layers of the skin producing 
excessive skin heating without appreciably affectmg the sub 
cutaneous tissues The advantages of a water filter are two fold 
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1. The elimination of non-penetrating, skin irritating, far infra- 
red radiation. 

2. The possibility of close application of the source to the part 
treated ith a corresponding high intensity of penetrating thermo- 
genic radiation penetrating radiatiott produces maximvim 
heating of the subcutaneous 


tissues nith minimum heat- 
ing of the skin, and hence 
with minimum discomfort to 
the patient. 

Actualmeasurementshave 
been made of the tempera- 
tures obtained in tissue ir- 
radiated by various sources 
of thermogenic radiation 
having different spectral dis- 
tributions Sonne* showed 
experimentally that with a 
luminous source, greater 
depth of beating can be ob- 
tained than with a relatively 
low temperature source of 
infrared radiation His data 



are presented in Fig 70 
The temperature curves 
in Fig 70 show that at a 
depth of 0 S cm. a tempera- 
ture of 47.7® C was ob- 
tamed with a luminous 


Fic 70 Temperalure of the skin and sub- 
cutaoeous tissues when irradiated with 
luminous and infrared rays (From Sonne, 
Carl Investigations on the Action of Lu- 
minous Ra>s and Their Mode of Action 
Archives of Physical Therapy, XRay, 
and Radium, Vol 10, p. 93, March, 1929 ) 


source, which emits strong- 
ly in the near infrared zone, for a skin temperature of 43.5° C; 
whereas, at that depth a temperature of only 41 7® C was obtained 
with a source emitting principally far infrared radiation for a 
sUn temperature of 45 5® C. 


‘Sonne, Carl Investigations on Ihc Action of Luminous Rays and Their 
Mode of Action Arch Ph >5 Therapy. X ray. and Radium. Vol 10, No 3, 
P 93 (Mar ) 1929 
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Hardy and Muschenheim * usmg radiation of wavelength 12,000 
A U , delermmed the penetration of such radiation into dead 



0 Ih„ Znn 5 

THICKNESS 


Fig 71 Schematic d agrani showing absotpboa of infrared rays of the most 
penetrating radiation (^=12 microns) by dead tissue According to Hardy 
and Muschenheim blood in living skm would cause a much more rapid ex 
tmction (From Hardy and Muschenheim Radiation of Heat from the 
Human Body Transmission of lofmcd RadtaUoa Through sttm Journal of 
Climcal Investigation IS 1 (Jan) 1936) 

tissue In Fig 71, taken from their publication, is given the 
per cent penetration of radiation at various depths below the skin 

‘Hardy J D Muschenheim C Radiation of Heat from the Human Body, 

Transmission of Infrared Radiation Throu^ Skin J CIm JnvesUgation IS 19 
(Jan.) 1936 
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surface. In the first three layers of the skin, the stratum comeum, 
the rete malpighii, and the stratum germmativum, more than 
40 per cent of the incident intensity is absorbed, leaving about 
60 per cent to be absorbed in the subcutaneous tissues At a depth 


TABLE 21 

COUPASATIVE TEUPERATniE MEASTntEUENTS TAEEM AT A DzPTn OP Two INCHES IN 
THE THicn OP A Subject 


Subj«t 

iBCAndesceat Lamp with 
Water Cell Filter 

Incandescent Lamp Without 
Water Cell Filter 

Imtial 

Final 

Imtial 

Final 

1 

100 VF 

100 7*F 

100 0*F 

100 1*F 

2 

100 0*F 

100 7*F 

100 0*F 

100 O'F 

,■011 

100 0*F 

100 9*F 

99 7* F 


'■m 

100 2*F 


99 9*F 



99 3* F 

100 6'r 

99 3»F 


iB 

98 4*F 


99 3»F 

100 9» F 1 

Avenge 

Temperature 

Rise 

1 l*F 

0 4*F 


of One millimeter belotv the surface of the skin, there remains 
unabsorbed less than 20 per cent of the incident radiation. 

Our own hitherto unpublished data on the relative heating 
produced in tissue fay an incandescent lamp, with and without a 
water filter, are given in Table 21 

The temperature measurements were made by means of thermo- 
couples introduced into the thigh through a canula. Both lamps, 
having the same wattage consumption, were placed as close to 
the skin surface as tolerance would permit The lamp without a 
filter was placed an average distance of 8 inches from the skin, 
while the lamp with a water filter was almost in contact, with 
only sufficient spacing to prevent cooling of the skin by conduc- 
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tion to the relatively cool water cdl All six subjects were quite 
uncomfortable when the lamp without a filter was used, but were 
without the least discomfort when the lamp with the water filter 
was employed The thigh was exposed to the radiation for a period 
of twenty minutes The average temperature increase, as can be 
seen from the table, was greater with the lamp equipped with the 
filter 

By eliminating the long wavelength infrared radiation by means 
of the water filter, it was possible to bring the source of radiation 
very close to the skin without intolerable production of heat in 
the superficial tissues The radiation transmitted through the 
water cell was of wavelengths that penetrate well into tissue In 
the case of the unfiltered lamp, a distance of 8 inches between the 
skin and the source had to be maintained in order that the patient 
could tolerate a 20 minute irradiation, whereas the filtered source 
could be placed practically m contact with the skm The advan 
tage of using a water filter is evident If we assume that energy 
absorption was the same per unit volume of skm per unit time for 
the two sources (i e , tolerance dose), the ratios of depth dose to 
skm dose for the filtered and unfiltered source should be approxi 
, 11 

mately as — or 2 75 In other words, if an unfiltered mean 
04 

descent lamp produces a given depth heating when operated at 
patient’s skin tolerance, the same degree of depth heating could be 
achieved with a water filtered incandescent lamp at about 36 per 
cent of the skm tolerance dose 

V Physiologic Effects The immediate effect of the ab 
sorption of thermogenic radiation by tissues is the production of 
heat Whether or not there will result any marked elevation in 
the temperature of the tissues, will depend upon the ability of 
the tissues to dissipate the heat generated Temperature will be 
elevated if the rate of heat generation exceeds the maximum rate 
at which the tissue can dissipate the heat Such an effect results 
when the rate of heat input is relatively low and the physiologic 
response is impaired, or when the rate of heat input is high and 
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the physiologic response is normal. Therefore, the intensity of 
radiation to be employed m various conditions is determined 
by the degree of impairment of the heat dissipating power which 
is present. In the treatment of certain peripheral vascular diseases 
by thermogenic radiation, great care must be exercised in order 
to avoid excessive heating due to the impaired circulation and the 
consequent inability of the tissues to dissipate heat readily. 

Temperature measurements indicate the intensity of heat at any 
given point. The heat capacity of the tissues will determine the 
number of calories required to produce any change in tempera- 
ture. The heat capacity of tissue is high, requiring 1 calorie to raise 
1 gram of tissue 0 8® Cor 1 44® F Like water, of which they largely 
consist, tissues can absorb considerable quantities of heat with 
comparatively small changes m temperature The thermal capaci- 
ties of different tissues are not identical, and in any given tissue, 
variations will occur with vascular changes 

The vascular system plays an important role in the conduction 
of heat; it serves to prevent great differences in the temperature 
of the different parts of the body It pernuts tremendous varia* 
lions in the thermal conductivity of such tissues as the subcu- 
taneous fat and probably the dermis Hence, such tissues may 
serve as good thermal insulators on exposure to cold, and yet not 
interfere to any great extent with heat loss under warm con- 
diUons. These marked vanations in thermal conductivity with 
degree of vascularity must be considered when heat is used as a 
therapeutic agent * 

A. Tlte EQect of Temperature on the Vasotnotor Apparatus 
Lewis and Grant^ have shown that temperature variations may 
modify not only vasomotor tone but also reactions to stasis They 
consider these alterations as probably due to some chemical 
change such as the producUon of a histamine-Iike substance How- 

• An effect frequently observed after prolonged and repeated exposure to 
Jnfrared radiation of relatively btgh intensity is a mottled type of ejytbema 
toUovved by a similar type of pigmentaUon This type of erythema, due to 
heat, IS called erythema ab igne 

'Lewis, T, and Grant, R T Vascular Reactions of the Skin to Injury 
Heart II 209 (May) 1924 
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ever, Austin and Cullen* have demonstrated that temperature 
changes produce profound alterations m the acid base equilibrium 
of the blood It therefore remains qimstionable whether such acid 
base changes in the blood or tissues might not account for some 
of the vascular changes ascribed by Lewis to a histamine like 
substance, even though the latter may be involved when the tern 
perature changes are injurious Concerning the effects of thermo 
genic radiation, Hardy and Muschenheim* state 
As the infrared radiation is wholly absorbed near the surface by both 
Imng and dead tissue, the therapeutic benefits from such rays must be 
provided by some peripheral znedianism The therapeutic effect of these 
rays is well known, but inasmuch as 50 per cent of the radiation passes 
through the stratum germmattvum, it is possible that some chemical action 
may be sUraulated by these rays m these very important lower skm layers 
In any case the hope of reaching deep tissue with these rays is rather a 
vain one 

When beat is used, the blood vessels become dilated and blood 
flow is increased The rapid circulation increases the thermal 
conductivity of the tissues and distributes the heat over a very 
large area, in fact through the whole body, and thus retards the 
rise in local temperature In contrast, cold reduces the circulation 
and a marked fall of temperature of the part subjected to cold 
can occur Therefore, when a local rise of temperature in an ex- 
tremity is desired and general systemic effects are contramdi 
cated, the latter may be avoided to a large extent by immersing 
one of the other extremities in moderately cold water, thereby 
facilitating beat loss 

The typical response to temperature changes is a vasodilatation 
to warmth and a vasoconstnction to cold The arterioles, the 
capillaries, and the veins are involved, and the response results in 
a considerable local increase or decrease m the blood flow to the 

'Atislin 3 H andCiilen G Hydrogta Ion Concentration oi the 'Blood 
in Health and Disease Medicine 4 275 (August) 1925 

* Hardy J D and Muschenheim C Radiation of Heat from the Humaa 
Body V The Transmission of Infrared Radiation Through Skm J Clm 
InstsUgation IS 1 (Jan.) 1936 
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part treated These changes are partly effected through nervous 
reflexes, and consequently may involve distant areas not pri 
marily affected by the temperature change The work of Lewis 
and Grant^'^ suggests that re/Iex vasodilatatica to warmth, at a dxs 
tance, is entirely dependent on the sympathetic nerve supply of 
the area involved An increase m surface temperature from 
78 8® F to 107 6® F increases the rate of blood flow some five to 
SIX tunes A decrease in surface temperature below 64 4° F in 
creases the flow m superficial skin vessles, but such mcreases are 
overbalanced by decreases m flow in the deeper vessels 

B E§ect on Capillary Pressure and Fluid Interchange Tern 
perature changes have considerable effect on capillary pressure 
and consequently on the formation of tissue fluid This fluid ulti 
mately may leave the part as lymph The hypothesis has been 
advanced that fluid interchange between the blood and the tissue 
fluids depends normally on a simple physical balance between the 
hydrostatic pressure of the blood in the capillaries (a pressure 
which tends to filter fluid) and the osmotic pressure of the protein 
colloids, which, unable themselves to pass the capillary wall 
exert an attractive force on watery solutions of diffusible sub 
stances This hypothesis has been supported by experimental 
evidence presented by Landis/* who has demonstrated that the 
rate of fluid transfer is linearly proportional to this pressure dif 
ference There appears little doubt that there is a transference 
of fluid from the blood stream, and that consequently formation 
of lymph must be greatly increased by a n^e in temperature 
McMaster** has demonstrated Ibis by injecting patent blue V 
mto the skin of the volar surface of both arms One arm was used 

"Lewis T and Grant R T (SweivalioDs Retating to the Influence of the 
Cutaneous Nerves on Various Reactions of the Cutaneous Vessels Heart 
14 1 1927 

'^Landis E M Tie Eebtsan Beineat CafvJUiy Pressure and tie Rate at 
Which Fluid Passes Through the Walls of Single Capillaries Am J Physiol 
82 217 (October) 1927 

“ Me Master P D Changes lo the Cutaneous Lymphatics of Human Bemgs 
and la the Lymph Flow Under Noimal and Pathological Conditions. J Exper 
Med 65 347 (March) 1937 
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as a control, and to the other heat was applied The lymphatic 
capillaries of the treated arm appeared slightly wider Dye en 
tered these lymphatics much more readily and seemed distributed 
farther in them for the area of diffusion of the dye was observed 
to be greater Furthermore, the network of lymphatics seemed 
more densely injected Moreover, the dye escaped from the capil 
lanes more rapidly When, owing to a damaged capillary wall, pro 
tein has left the blood stream and has reached the tissue spaces, 
it is probably returned normally to the circulation by the lymph 
stream The work of McMaster indicates that heat may be of 
assistance in expediting this exchange 

C E§ect of Temperature on Actd Bae Equilibrium Changes 
in temperature have a profound effect on the blood When blood 
is warm the dissociation constants of the acid radicals of the 
proteins are increased to a much greater extent than is that of 
carbonic acid In consequence, if blood is warmed under conditions 
where the total carbon dioxide content is constant, the proteins 
combine with much base, previously in the form of sodium or 
potassium bicarbonate The carbon dioxide thus freed is added 
to the free carbonic acid originally present, the acidity is greatly 
increased and the carbon dioxide tension is raised These changes 
resulting from temperature elevation, are great, producing a 
change m the acidity of blood comparable to the normal differ 
ence in acidity between artenal and venous blood 
D E^ect of Temperature on Venous Blood The ratio of CO* 
to Oj present m the blood is affected by temperature, and is 
dependent upon the balance between blood flow and tissue metabo 
hsm On exposure to extreme cold the blood flow may be very 
slow and yet the loss of oxygen in the superficial tissues may be 
slight, since metabolism of these tissues may have been reduced 
almost to zero At slightly higher temperatures the energy 
metabolism will be increased without a corresponding increase 
m the blood flow Under such conditions, a considerable proper 
tion of the oxygen will be removed At the temperature of 
107 6° F to 113° F , inflammation increases the blood flow to 
^ such an extent that, in spite of a relatively high metabolism, venous 
blood from skm areas may be indistinguishable from artenal 
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blood However, it must not be overlooked that, with an increase 
in circulation, the tissues are exposed to more blood per unit of 
time In spite of the great changes in the venosity of the blood, 
the direct effecU of temperature rise are more important than the 
blood changes. Such direct effects are a probable increase in the 
activity of leukocytes m phagocytosis, and an increase in the 
veloaty of the blood flow which reaches a maximum at approxi 
mately 104® F On the other hand, phagocytosis is delayed m 
areas exposed to local cooling 

E Effects oj Temperature on Tissue Metabolism A change in 
temperature has a definite effect on the metabolism of tissues 
Where this effect may be observed on isolated organs or on small 
cold blooded organisms, the metabolic rate is found to increase two 
or three Umes for a rise of 18® F The change m metabolic rate, 
due to temperature change, has an rmportant mfluence on fte 
activity of tissues In addition there are direct effects of ‘™P«a 
ture changes which may modify markedly the ac ivi S' ’ 

especially the functioning of the skin and the muscles 'me 
warming up of an athlete before a race is a case in po mt, tte 
fact that warm weather is usually considered the >=0^ ^ 
sprints supplies another example Conversely the 
L surfaefand the partial paralysis of peripheral f 

become capable of only very slow movements in subjects exposed 
to cold, IS a further example ,n 

These direct effects, however, often are not m 

the total metabolism, since they are offset by direct 
In warm blooded animals the direct effec s of f™P™lore me 
offset by reflex effects On exposure to cold *o 
certain parts may be lowered, while that o o , , 
creased to a degree more than sufflcient to ™un 
decrease Only after prolonged exposure to cold with fte fall o 
the body temperature as a whole and with feprf -o-i 
nervous reflexes, can a marked decrease m gene y 

be demonstrated IVhen an mcrease in metabolism is ■f™onsma', le 
after exposure to cold, it is mainly muscular in or^n, a„d ^ 
brought about by shivering or by the adoption of voluntas mus 
cular movements by the mdividual The metabolic increase result 
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ing from shivering may be as great as 100 to 300 per cent. The 
muscles probably are contracUng under conditions in which their 



mechanical efficiency is par- 
ticularly low, and their effi- 
ciency as heat producers 
high 

In estimating the value of 
heat in any inflammatory 
condition, it must be remem- 
bered that the accompany- 
ing vascular dilatation tends 
I to increase fluid exudation, 
and hence heat may be con- 
tra-indicated in such condi- 
tions where exudation may 
1 interfere with blood flow. 
‘ It is not unlikely that one of 
the most important thera- 
peutic effects of heat may be 
due to an increased rate of 
blood flow. Hence, mild ap- 
plications of heat may bring 
about this desirable change, 
while intensive applications 
' may produce capillary stasis 
with considerable fluid exu- 
dation and venous conges- 
tion 

1 


Fio 72 Infrared lamp With element VI. SUMMARY OF SOURCES 
illustrated m Fig 64, page 197 IN COMMON UsE. The dis- 

cussion of the radiation 
characteristics of various types of radiators, and the relative pene- 
tration of thermogenic radiation into various media, including 
tissue, was for the purpose of clarifying certain misconceptions long 
held with respect to the matter The theoretical and experimental 
data presented show conclusively that the incandescent filament 
lamp heats the subcutaneous tissues, whereas the relatively low 
temperature infrared radiator heats chiefly the skin. 
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Fig 7^b Illustratiog application to an extremity 


The sources of thermogeaic radiation m common use are 
tungsten filament lamps of various wattages, and electrical re 
sistors mounted in suitable reflectors designed to prevent con 
centration of intensity, or so called ‘ hot spots ” In Table 22 are 
^ tabulated sources m current use, their salient characteristics and 
their field of usefulness 




Fic 1A Source of lumiaoui racbetioa for (raas-iUuauastioa and thermal 
eSects. Uoit utilizes a tUQ^sten Mameat lamp, is vatet cooled, and is equipped 
nitb a water filter (Culler Lamp). 


VII. Technic op Application 

A. Selection of Source. If irradiation with themogenic radiation 
is an indicated therapeutic procedure, lU use should be prescribed 
according to whether it is desirable to secure superfidal heating 
or heating of the deeper layers of the superficial tissues. If 
superficial heatmg alone is desired, then a source of far infrared 
radiation should be prescribed. On the other hand, if heat in the 
deeper layers of the superficial tissues is desired, then a source 
of near infrared should be prescribed. 

In those infectious cases requiring continuous hot moist dress- 
ings a thermostatically controlled generator of the non-luminous 
type, called a “baler,’’ is placed over the area under treatment 
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table 22 


Sduuasy 01 SoDSCES of “niEXUOCZKic Radiation 


Type of 
RadiaUon 

Penetra 

tion 

Field of 
Uaefulne^a 

Sources in Common Use 

Far Infrared 
(15,000 to 

1 mm to 
05 mm* 

For sup^ 
ficial heat- 

Electrically heated resistance viire, 
carborundum, or metallic plate — 
usually operated at temperature of 

1000*1:102000*1:. 

a hlounted in suitable reflector 
and. supported by adjustable floor 
stand— the so-called Infrared 

Lamp Fig 72 

b Mounted in various shaped re- 
flectors to facilitate irradution of 
torso or extremities— the so-called 
“Baker” Fig 73. 

Near Infrared 
(8000 to IS 000 
AU) 

10 mm to 

For rela 
lively de^ 
beating 

Incandescent lamp of vanous watt 
agesranpDgfiomCO to 1000 watts 
a Mounted individually m re- 
flector and supported by adjus- 
table floor stand 

1 With water Alter Fig 74 

2 Without water filter Fig 75 
b hlounted in units of four or 
more in vanous shaped reflectors 
to facilitate irradiation of extrem 
lUes or torso, the so-called 
“Baker” Figs 76 and 77 


• Counwl on Physical Therapy, A M A AffiaraliuAcceflat 1W2 

and covered with a blanket to prevent air circulation, thereby 
maintaining the requisite air temperature and humidity In this 
manner the rapid drying-out o£ the dressing is prevented, and 
Its temperature maintained. The luminous type of generator can 
be used in the same manner, but without the advantage of assured 
maintenance of the air temperature at a desired level, since the 
use ol thermostatic control is not readily adapted to this type of 
generator. 

The advantages of this technic are the maintenance of the 
desired temperature and the case with which the dressings are 
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kept in a heated, moist condition by applying, as necessary, ap- 
propriate, warm solution to the dressings iMthout requiring their 
removal The thermosUiiicaUy controlled generator is particularly 


~n 



Fia 75 Source of tiennogenic radiaUoo, equipped with high wattage tungsten 
filament lamp, emitting domioantly near mfrared radiation 

Useful for the treatment of those conditions requiring prolonged 
treatment 

B. Cautton Krusen states. “A speaal warning must be issued 

not to apply the heat at too high temperatures in cases of vascular 
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disease Because of the impaired arculation, the heat may be dis 
seminated slowly and with difficulty Hence bums are more likely 
to occur and if burns do occur in these poorly vascularized tissues, 
disastrous consequences may result Severe sloughs and even gan 



Fig 76 Baker equipped with incandescent lamps 
adjustable for beght and width. 


grene may occur For this reason tt should be remembered that m 
vascular diseases the temperature should not be greater than 205° F 
(40 6° C )* It has been reported that temperatures of 30° C 
f86 F ), m cases of circulatory disease, caused vaiying degrees 
»f cyanosis and the patients complained of pain When the tern 
♦' was increased to levds between 32° and 35° C (914° 
^ )i P 2 in diminished or disappeared and the color of 
ihe feet most closely approached the normal Cyanosis reappeared 
Authors Note This and the subsequent temperatures are those of the skm 




( 

I 

i 


Fig 77 Small, portable baker of the mcaodescent lamp (> 7)6 

and pain returned when the temperature vras greater than 35® C 
(95° F.) A temperature between 30° and 35° C. (86° and 
95° F.) was employed, this temperature being maintained around 
the feet day and night by means of a thermo regulated foot 
cradle. Under such conditions some patients preferred tempera- 
tures differing slightly from those which they chose in the original 
experiments. It was finally decided that temperatures between 
32° and 37.5° C. (89 6° and 99° F ) were most satisfactory if 
prolonged treatment for circulatory diseases of the extremities 
was contemplated.’”* 

C. Details of AppUcathn 

I. The patient should be placed in a relaxed and comfortable 
position, the part to be treated exposed, and the rest of 
the body appropriately draped 

■‘Krusen, Frank H Physical Mediane W B Saunders Company, Phila- 
delphia. 1941, p 294 
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2 It should be definitely ascertained that there are no lesions 
of the sensory nerves to impair sensation 

3 If sensation is subnormal, the technician should not ad 
minister thermogenic radiation to such area without specific 
instructions from the physician If infrared radiation is 
employed, it must be given with the utmost caution, or a 
trophic ulcer may develop with serious sequellae 

4 The distance between the source and the skin of the part 
to be irradiated should be such that the intensity of the 
radiation ivill be well within tolerance The sensation of 
heat should be comfortable, and without localized ‘hot 
spots” over the area exposed Some drape a towel or other 
suitable material around the base of the reflector and 
reaching to the patient Fig 63, page 195 In this way 
the evaporation of perspiration from the skin surface is 
less with less cooling of the surface by evaporation and by 
air currents 

5 Time of exposure is usually 20 to 30 minutes When perspira 
tion begins to decrease, irradiation should be discontinued 
regardless of the time of exposure After a large number of 
treatments, the skin frequently will show a mottled pigmen 
tation 

D PrescTiption 

Type of Radiation — Near or far infrared 

Intensity — ^\Vattage of generator 

Source skin distance — Skm tolerance 

Tune — 15 30 mmutes 

Frequency of Treatment— Daily 

Area to Irradiate — Specify eg, Sacro iliac region 
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EXPERIMENT 

Penelration of Near and Far Infrared 
Radiation Into Water 

Object: 

To determine the relative penetrating power of near and far 
infrared radiation into water. 

Theory: 

The penetration of thermogenic radiation into water, tissue, and 
other substances has been discussed in the foregoing paragraphs 
Data were presented which showed that water is opaque to 
infrared rays longer than 14,000 AU. Data also were presented 
showing that the range of wavelengths penetrating most readily 
into tissue lie in the spectral band SOOO to 15,000 AU. with 
maximum penetration at the wavelength of approximately 12,000 
A.U. It was shown experimentally and by computation that a 
higher percentage of ^e incident thermogenic radiation pene- 
trated to a given depth of tissue if such radiation were first filtered 
by a water cell, such a cell absorbing the long infrared rays 
having negligible penetration. To use terms from the nomencla- 
ture of x-ray therapy, the water filter “hardened” the radiation, 
obtaining thereby a greater ratio of “depth dose” to^ skin dose 
In this experiment the relative penetrating power into water of 
the radiation from an incandescent tungsten filament lamp, a 
source emitting dominantly near infrared rays (8000 to 
A U. in wavelength), and of that from a resistance element, which 
emits dominantly far infrared rays (15,000 to 150,000 A . m 
wavelength), will be determined. The intensity of radiation from 
these sources will be measured by means of a blackened u 
thermometer: first, the incident intensity of the beam; and then, 
the intensity of the beam after transmission through a water cell. 
The rate of rise of temperature as indicated by the thermome^ er 
will be proportional to the intensity of the radiation impinging 
upon and being absorbed by the blackened bulb 
has been made for temperature loss due to cooling of t e e 
mometer by radiation and convection. The method of ma ^"8 ^ 
correction will be explained under Observations and ompu a i 
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Apparatus: 

1. Thermogenic lamp with inter-changeable units: an incan- 
descent filament lamp (250 watt, 110 volt, CX Mazda), and an 
infrared radiator (650 watt, 110 volt, wire wound). These were 
the sources used by the authors. Similar sources but of different 
wattages may be employed 

2. Water cell, consisting of a vessel with plane, parallel glass 
sides, each about 3 mm. thick, spaced about 2 cm. apart, which 
is filled with water. Such a cell can be constructed by cementing 
with sealing wax two thin, 4 by 4 inch glass plates to 2 cm. thick 
wood spacers so arranged that a water-tight vessel open at the 
top is obtained 

3. Thermometer with blackened bulb; blackening of bulb can 
be achieved by dipping bulb in thin mucilage and then in lamp- 
black 

4. A stop watch — if not available, ordinary watch with second 
band can be used. 


Procedure: 
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The apparatus is arranged on a table as indicated in the illus- 
tration. L is the lamp; R, the source of radiation; T, a blackened 
bulb thermometer, supported by S, an appropriate stand; and C, 
the water cell. The distance d is IS to 25 inches, depending upon 
intensity of radiation. 

I. Incandescent filament lamp as source of radiation. (Domi- 
nantly near infrared) 

A. No filter. Starting with the thermometer at room tempera- 
ture, observe rise in temperature every Yi minute imtil tempera- 
ture becomes stationary, or until the thermometer has risen 10 to 
12 degrees C. After the source has been removed, continue ob- 
serving the temperature every >4 minute until the thermometer 
again reads room temperature. Record temperature readings in 
a table like that appearing under Odservatio/is and Computa- 
tions. Plot temperature against Ume, both during rise and during 
cooling period. From these curves correct temperature readings 
for loss by radiation and convection as was done for test recorded 
under Observation and Computations, and compute rate of rise 
of thermometer. 

B. With Glass Filter. Place empty water-cell about 1 inch 
in front of thermometer and repeat test described in A, keeping 
distance between incandescent lamp and thermometer the same as 
in A. Record values in table, plot temperature against tune, and 
make corrections for cooling as in A. 

C. With glass filter plus water filter. Fill water-cell with water 
and repeat test B. 

II. Infrared element as source of radiation (Dominantly far 
infrared). 

A. No Filter. Procedure same as I-A 

B. With Glass Filter. Procedure same as I-B 

C. With glass filter plus water filter. Procedure same as I-C 








attage, 650, Voltage, 110, T 



A 10 33,B 2 26 C,0 225 
ation penetrating glass filter 
; 26 10 33 X 100% » 21 
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Conclusions: 

From the data obtained m the foregoing experiment it is 
evident that a much higher percentage of the incident radiation 
from a tungsten filament lamp penetrates to a given depth in 
vfater than does that from an mCrared unit. In Table 23 is given 
the relative intensity of radiation from these sources without filter 


* Water bos a high absorption for infrared radiation of wavelength greater than 
14000 A.U Therefore, after a minute or two the temperature of the water<ell rises 
suffiaentjyhigb to actaaasccondaiy radiator of eatreme]/ long wavelength ra^a 
tiOQ This secondary radiation is absorbed by the thermometer, resulting in an 
accelerated rate of temperature rise This acc^crated rate of nse cannot, obviously, 
be taken as indicative of the inCeosity of the (raosoutted radiation The rate of nse 
dunng the first imnute before the water-cell has begun to radiate, will be propor- 
tional to the intensity of the transmitted radiation The average rate of nse dunng 
this penod is 225 degree per mmute This was taken as proportional to the intensity 
of the transcutted beam 


(Footnote continued jrom page 231) 

gree per minute Dunng the interval 0 to 0 5 minute, the loss in temperature ii 
0 2X0.5 or 0 1 degree. Adding this loss m temperature to the observed temperature 
at 0 5 zainute (30 S* C ), we obtain the corrected temperature, 30 9* C The average 
temperature dunng the second interval, 0.5 to 1 0 minute, is 31 1* C The rate of 
cooling correspon&ig to this temperature is 0.5$ denee per minute The loss u 
temperature dunng the second mtervaf is therefore 0.55x0 5 or 0 275 degree. Ifow 
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and after transmission throu^ 6 mm of glass and through 6 mm 
of glass plus 14 mm of water To obtain the same intensity of radia- 
tion after passing through the glass and water filter the incident 
intensity of the radiation from the infrared unit would have to be 
38 2 — 2 2 or 17 4 times that of the radiation from the tungsten 
filament lamp 

TABLE 23 


Source 

RELAIIVE 1MIEI.SITY 

Ko Filter 

6 issi Glass 

6iiim GIass+ 

14 mm srater 

loundescent Lamp 

100% 

78 5% 

38 2% 

Infrared Umt 

100% 

21 9% 

2 2% 
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I Definition Broadly speaking, ultraviolet radiation is that 
part of the electromagnetic spectrum which extends beyond the 
visible zone, commencing at about 4000 A U The spectral range 
of ultraviolet of interest to those employing it for therapeutic 
purposes extends from about S2Q0 A U to the limit of transmis 
Sion of quartz, about 2000 A U 

II Generation 

A Natural Source The great source of all radiation is the sun 
In Fig 78 is shown the spectral distribution curve of solar radia 
tion You will note that solar radiation, after filtration by the 
atmosphere, provides practically no radiation of wavelengths 
shorter than 2900 AU In urban communities, located m the 
temperate zone, and having much soot and other impurities m 
tlie atmosphere, the biologically sigmficant component of ultra 
violet radiation, spectral range 2000 A U to 3200 A U , is neg 
Iigible throughout tbe greater part of the year Only at high 
altitudes, and at lower altitudes during the summer in the tern 
perate zones, does sunlight contam an adequate component of 
ultraviolet radjstioo /or therapeutic purposes Asother disadvan 
tage is the high component of heat producing radiation present in 
summer sunlight, which may be contraindicated in certain condi 
tions It is obvious that reliance must be based on artificial 
sources throughout the greater part of the world Artifiaal sources 
can be used at any time, and will always deliver the same type and 
intensity of radiation, making possible duplication of technic 
235 
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Fra 7S Curves showing the distnbuUon of energy m the soJar spectrtim outside the atmosphere and at sea level The 
mlensiUes ro the laUei wive are lead iiom the lower edges of the darhened areas which are due to selective absorption 
of the substances in our atmosphere which are indicated above the curve (From Pettit Edison The Sources of Ultraviolet 
Light Western Hospital and Nurses Review 12 S January 1929 Corrected by PeUt on basis of later measurements 
reported m Mount Wilson Contributions No 44S and No 622 published in the Astrophysical Journal Vol 75 1932 and 
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Furthermore, such sources can be designed to deliver a high in* 
tensity of ultraviolet of the deared wavelengths without deliver* 
ing an excessive quantity of thermogenic radiation. We shall, 
therefore, confine this discussion to the use of artificial sources. 

B. Artificial Sources Artificial sources of ultraviolet radiation 
fall into three classifications: hot body radiators; electric arcs; 
and glow discharges. There are many specific devices on the 
market, but all of them fall into one or another of the foregoing 
classifications. Hence we shall discuss artificial sources from the 
viewpont of this classification, dealing under each classification 
with representative devices, for it is obvious that a survey of all 
generators available today is impossible. For information on spe- 
cific devices, the booklet Apparatus Accepted, published by the 
Council on Physical Therapy of the American Medical Associa- 
tion, should be consulted. 

1. Hot Body Radiators. Hot body radiators such as tungsten 
filaments operated at high temperature within bulbs of ultra- 
violet transmitting glass, such as Corex, have been used as sources 
of ultraviolet radiation. A consideration of Fig. 67, page 202, 
will convince one of the fact that a tungsten filament operated at 
3000° K will emit but a very small per cent of its total radiation 
output at wavelengths shorter than 3200 A.U., the upper limit of 
the ultraviolet spectral zone having established biologic effects. 
The vast majority of its emission consists of visible and infrared 
rachations. A hot body radiator such as the CX lamp, according 
to measurements given in Table 25, page 251, emits radiant 
energy of wavelengths less than 3I3S A V. The intensity, however, 
of the radiation in microwatts per square centimeter at a distance 
of 30 inches from the lamp is only 1.2, whereas that of the sun 
is 91: a ratio of 91 to 1.2, or about 76, in favor of the sun. An 
exposure of 10 minutes to summer sunlight would provide a total 
amount of ultraviolet energy equivalent to that received in 760 
minutes, or 12 hours and 40 minutes, at a distance of 30 inches 
from a CX lamp It is evident that hot body radiators are im- 
practical as sources of ultraviolet for therapeutic purposes 

2. Electric Arcs. The practical sources of therapeutic ultra- 
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Violet radiation are limited to electric arcs between electrodes of 
metal of carbon or of carbon impregnated or cored with various 
metals, and to electric arcs maintained m mercury vapor within 
tubes of fused quartz, a material which is highly pervious to ultra 
violet radiation Glow discharges within fused quartz tubes, con 
taming mercury vapor at low pressure have also been employed 
for the generation of ultraviolet radiation Low pressure mercury 
glow lamps emit about 95 per cent of their total ultraviolet out 
put at the wavelength of 2537 AU Its field of usefulness is 
extremely limited 

a Carbon Arc When two electrodes of electrically conductive 
material, to which an electric potentisd is applied, are brought into 
contact and then separated, an electric arc is established The 
radiation from such arcs consists of a number of fine lines so 
close together that the spectrum appears continuous when viewed 
by a small spectroscope Superimposed on the radiation from the 
arc vapors is the continuous spectrum from the highly mean 
descent crater of the positive electrode The result is an intense 
infrared spectrum of wavelengths longer than the solar rays which 
are transmitted by the atmosphere If the arc is surrounded with 
a glass or quartz globe, some of the infrared rays are excluded, 
but m turn the surrounding globe becomes heated, and emits 
infrared rays of long wavelength Hence, no exact comparison 
can be made between the radiation from the sun and that from 
the carbon arc 

The range of wavelengths emitted by an electric arc depends 
on the elements present m the electrodes Each element emits its 
characteristic spectrum The electrodes usually employed are of 
solid carbon, or of carbon impregnated or cored with various 
metals By judicious choice of various metals, the intensity of 
the radiant energy delivered m different spectral regions may be 
enhanced Spectral emission, so far as wavelength is concerned is 
primarily determined therefore, by the composition of the elec 
trodes The quantitative radiation output from an electric arc 
between electrodes of given composition is determined by the 
power dissipated in the arc To summarize, then, the quantity of 
radiation delivered in the mfrared, the visible, and the ultra 
violet zones by a carbon arc lamp depends upon the following 
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WAVE LENGTH IN ANGSTROM UNITS 
Fis ,9 RaiilUon characUnst.cs ot representative thera^nttc carbons 
(Courtesy of the National Carbon Company; 

(1) The size and composition of the electrodes used, 

(2) The electncal poner consumed in the arc, and 

(3) The efficiency of the reflector with which the arc is 
equipped 

The effect of the composition of electrodes on the spectral distri 
bution of the emitted radiation is shown m Fig 79 The spectral 
distribution curves are of arcs between carbon electrot^es knotvn 
as ‘ Sunshme Carbon,” “TherapeuUc C Carbon, and Thera- 
peutic E Carbon ” The Sumhme Carbon contains cerium and 
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Sion from these electrodes on being heated, ionizes the gases 
within the tube, permitting automatic starting In the second type 
a third, or starting electrode of pure tungsten— as are the two 
mam electrodes — is sealed into one end of the tube m addition to 
the mam electrode The full voltage of the secondary of the trans 
former is applied across the starting electrode and the regular 
electrode which are spaced close together at the same end of the 
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Fio 80 New t>pe hot quartz mercury vapor arc burner and 
specirogram ot its ultraviolet emission 

tube The arc starts between these electrodes and then extends 
to the regular electrode at the other end of the tube after the gas 
has been ionized After the mercury arc has been established be 
tween the main electrodes, a thermo relay opens the circuit to 
the starting electrode After the lamp has been turned off about 
5 minutes coolmg time must be allowed before re striking the arc 
Otherwise the arc will not be reestablished The fact that the 
electrodes are of pure tungsten and uncoated would seem to 
indicate a relatively long life for no flakmg off of oxide would 
Cake pi’ace 

In Fig 80 IS shown the new type of burner and the spectrogram 
of the ultraviolet radiation emitted by it In Table 24 are given 
comparative radiation data on an alternating current burner with 




RADIATIOK 


243 


emission type electrodes and an older liquid mercury cathode 
type The output of radiation in the spectral zone 2483 A U to 
3129 A U , m microwatts per square centimeter atone meter from 
the burner, is 276 2 in the case of the neiy type lamp, and 207 46 
m the case of the older type an increase in output of biologically 
significant radiation of about 33 per cent 
The arc wattage of the new type burner, however, was 360 
while that of the liquid mercury cathode type was 281 Therefore, 
the output of biologically significant radiation, X=2483 AU 

TABLE 24 


Radiation Data on Two Tttes op Hot Qdastz SfEsciniY Ascs 
(Wtlbout Rcfl«cton} 



Old Type 

New Type 


Liquid Hg Cathode 

Oude-coated Electrodes 


DC Uviare 

AC Uviarc (360 WJ 


120 V Lme* 

110-120 V Lme** 

Sre volU 

75 

136 

Arc amperes 

3 75 

2 9 

Arc watts 

281 0 

360 

Total watts 

490 0 

410 

tVaielengtb of 

JIkto Watts per Sq Cm 

Pnnc pal Liae 

at One Meter 

4047 AU 

34 1 

45 

3654 

103 0 

122 0 

3341 

7 7 

11 6 

3129 

71 0 

85 0 

3022 

31 4 

39 4 

2967 

IS 6 

20 9 

2894 

5 7 

8 3 

2S04 

10 9 

IS 7 

2753 

3 46 

5 S 

2 00 

4 6 

1 6 

2652 

23 4 

33 1 

2537 

32 0 

47 4 

2483 

9 4 

13 3 

3129 to 2483 Incl 

207 46 

276 2 


• Data courtesy of L J Buttolph r»da Park Enginecnng Dept. General Electric 
Cotnpany 

••LB Johnson and S B Webster Rev Sa Instruments Oct 1938 
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to A = 3129 A U , per watt input into the arc is 0 767 microwatts 
per square centimeter at one meter for the burner with oxide 
coated electrodes and 0 740 microwatts per square centimeter for 
the liquid mecuiy cathode type of burner The increase in output 
of therapeutically useful radiation per watt input is therefore 
about 3 7 per cent The older type lamp could have been operated 
at a higher arc wattage and a higher total radiation output oh 
tamed The chief advantages of the new type of burner are those 
which were presented in a foregoing paragraph and not a pos 
sible increase in output per watt input of the order of 5 per cent 
or less 

The curve m Fig 81 gives the experimentally determined tune 
for a mild erythema on average untanned skin at various dis 
tances from a hot quartz mercury vapor arc type of lamp, with the 
new type A C burner and properly designed reflector The time 
for an erythema for different patients vanes greatly, but the 
curve in Fig 81 will give an idea of the relative increase m time 
required as distance is increased At 30 inches the time determined 
in this test was approximately 0 5 minute and at 40 inches 1 0 
minute Although distance is increased only 33 per cent, the 
exposure tune is increased 100 per cent * 


* Let US compute what the eqMsure should be dd the basis of the inverse 
square law 

I-et rs intensity at 30 inches and 

1, — intensity at 40 inches 
Then applying the inverse square law 

I, _ 30 X 30 9 _ 16 

Ii 40 X 40 16 Ij ~ 9 

Now let tj = number o! minutes for a mild erythema at 30 inches and 
= number of minutes for an equal erythema at 40 inches 
Then Ij t= total energy received at 30 inches and 
tj = total energy received at 40 mches 
Since the same effects are to be obtained 
Ij = I, tj and 



If tj — 0 5 tj X 0 5 or about 0 9 minute 

9 

This computed value agrees st^aeoUy well with the measured time value 
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Fig si Tune for mild eryltema on average untanned sLin at various dis 
tances from an ultraviolet lamp with new type A C burner and properly de- 
signed reflector Solid curve from actual measurement of time Dotted curve 
computed from Inverse Square Law tatmg time at 3D inches as 0 S minute 


to justify the use of the inverse square law to estimate exposure times at 
various distances from this particular lamp It is suggested that the user 
of a lamp prepare a curve similar to that m Fig 81 for the lamp he uses m 
order that he might have a better realisation of the apprommate time for 
produaog an erythema at various inadiabon distances. 
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(2) Mercury Arcs in Corex Various types of mercury arcs 
within envelopes of an ultraviolet transmitting glass such as 
Corex have been produced for use as sun lamps The type of 
radiation emitted by such arcs before undergoing modification 
through filtration by the Corex envelope is that obtained from 
typical high pressure mercury arcs The Corex bulb does not 
transmit radiation shorter in wavelength than 2800 A U the 
output therefpre will not contain wavelengths shorter than 2800 
A U It IS not possible because of lim ted space to discuss in 
detail the various lamps of this nature that are or have been 
available The discussion will be restricted to two representative 
types the S lamps of which there are two sizes the S I and the 
5 2 and the more recently developed sunlamp the Mazda R S 
Swilamp Such lamps are prinapally for use m the home during 
the season when solar ultraviolet is not available These like 
the Sunshine carbon arc lamps are not designed for medical use 
(a) The S 1 and S 2 Lamps The 5 1 lamp is shown in Fig 82 
Essentially the lamp consists of 
a mercury arc operating be 
tween tungsten electrodes and 
in parallel with a tungsten fila 
ment When current is passed 
through the filament the fila 
ment is heated and mercury 
from the small pool under the 
filament is vaporized Soon an 
arc IS established in the mer 
cury vapor between the tung 
sten electrodes The enclosing 
bulb of Corex absorbs wave 
lengths shorter than 2800 AU 
The 5 2 lamp is similar but of 
U3w.e.c TVa uie-iige tizcui 

for a mild erythema is 10 to 15 
minutes for the 5 I lamp at 30 
inches and for the 5 2 lamp at 24 inches These lamps do not 
operate directly on the house current but require a special re 



Fic 82 Mazda Sunl fjil lam? 
(Type S 1) 
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actance transformer. The unit is of necessity designed for opera- 
tion on alternating current. The special transformer is usually 
housed in the base of an appropriately designed lamp fixture. 
These lamps are useful devices for home treatment but under 
medical supervision. 

(b) Mazda R-S Sunlamp This lamp is a self-ballasting mer- 
cury vapor lamp with a buOt-in reflector. The lamp has two 
bulbs; the outer bulb of an ultraviolet transmitting glass which 
absorbs the shorter ultraviolet rays of wavelength less than 
2800 A.U., and an inner bulb of quartz. The reflecting surface is 
deposited on the inside of the outer bulb — known as an R-40 
bulb. The ballast consists of a tungsten filament located between 
the two bulbs. The heating of this filament to incandescence pro- 
vides thermogenic radiation, visible and invisible, which added 
to the ultraviolet radiation emitted by the mercury arc within 
the quartz bulb gives a total output ranging in wavelength through 
the infrared, the visible, and the ultraviolet to about 2800 A.U. 
The outer bulb is so shaped that when its upper portion is covered 
internally with a deposition of metal having appropriate reflecting 
characteristics, no other reflector is required with the lamp. 

This lamp is designed to be operated on the ordinary lighting 
circuit of 110 to 120 volts, and requires about 275 watts. The 
time for a mild erythema is about 5 minutes at a distance of 24 
inches. If we assume that the inverse square law holds sufficiently 
close for an estimate of exposure time for a similar erythema at 
other distances, the time for an erythema at 30 inches would be 
30 X 30 

— ^ — X 5 or 7.8 minutes. This lamp, provided its burning life 

is found to be sufficiently long to be economical, appears to be a 
convenient and sufficiently intense source of ultraviolet radia- 
tion for home use under medical supervision. 

c. Pinsen-Lomholt Carbon Arc. A special carbon arc lamp has 
been developed by the Finsen Institute of Copenhagen, specially 
designed for the treatment of lupus vulgaris. The lamp consists 
essentially of a carbon arc, using carbon electrodes of special 
composition, and various filters Cooling is provided by a jacket, 
through which water is circulated. Connection must be made to 
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the water supply system to assure adequate cooling A combma 
tion of three filters is used with the lamp These are 

1 An anterior chamber of circulatmg water to absorb the heat 
producing radiation emitted by the arc while transmitting a large 
percentage of the ultraviolet radiation 

2 A filter, several centimeters thick, of copper sulfate dis 
solved in concentrated ammonia which absorbs visible radiation 
of wavelength greater than 5000 A U while transmitting readily 
the ultraviolet rays 

3 A filter of cobalt sulfate dissolved m a very weak solution 
of sulfuric acid, of sufiicient thickness to absorb most of the radia 
tion from 4000 A U to 5500 A U while permitting the passage of 
ultraviolet rays with but slight absorption 

By means of this senes of filters, it was found that seventy 
per cent of the transmitted radiant energy would be of wave 
lengths less than 4000 A U This filtration was obtained with an 
absorption of but 25 per cent of the radiant energy of wave 
lengths less than 4000 A U emitted by the arc 

In conjunction with the filters, an optical system of fused 
quartz is employed, which concentrates the radiation to a small 
area about three quarters of an inch m diameter This lens also 
permits the application of regulated pressure during irradiation 
Such a lamp has been m operation in the Department of Physical 
Therapy at the Northwestern University Medical School for the 
past two years and has been found to be the most effective method 
for the treatment of lupus vulgaris espeaally of small areas 

The lamp requires considerable power, the arc current being 
of the order of 35 amperes at a voltage of 55 volts Hence, a special 
power line of sufficient capacity must be provided It is not a 
mobile unit since permanent connection to a cold water supply 
IS required 

3 Mercury Glow Discharge Lamp Lamps of this type, the 
so<alled Cold Quartz lamps, are es^ntially low vapor pressure, 
low amperage (0 015 amperes), high potential (5000 volts, open 
circuit), glow discharges withm mercury vapor, contained withm 
fused quartz tubes They are similar to the well known Geissler 
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tubes. The power consumption is small, hence there is no great 
rise in the temperature of the burner. 

The burner is of transparent fused quartz tubing, highly 
evacuated, ahd containing rare gases such as xenon, krypton, 
argon, and neon, and a few drops of mercury. The purpose of 
the rare gases is to facilitate the glow discharge The tubing is 
wound into a flat, grid type of coil for general irradiation, or 
the tube may be straight for oriflcial or highly localized irradia- 
tion. 

Of the total radiation of all wavelengths less than and in- 
cluding the line at 3130 A XS , more than 95 per cent is contained 
in the resonance emission line of mercury at 253 7 A.U. 

The erythemogenic efficiency of this type of lamp is high, but 
practically all of the erythemal effect is produced by the radiation 
of wavelength 2537 A.U, 

According to the Counal on Physical Therapy of the American 
Medical Association, however, the fact that the erythemogenie 
efficiency of a source is high b not necessarily a criterion of its 
suitabihty for therapeutic purposes ' 

By providing suitable ionization by means of electrons emitted 
from a hot cathode, only a relatively low voltage is required to 
excite resonance radiation in the glow discharge through mercury 
vapor. The emission characteristics of such a lamp, so far as the 
output of biologically important ultraviolet radiation is con- 
cerned, is similar to the high voltage mercury glow lamp, which 
was discussed in the preceding paragraph 

Glow dbcharge lamps of the foregoing types have been used 
for both therapeutic purposes and home use It is not established 
that such lamps are to be preferred to the widely used low 
voltage, hot quartz mercury arcs for medical purposes According 
to Coblentz, the question has arisen whether the type of ultra- 
violet radiation emitted by the so called “cold quartz” lamp 
should be used for general body irradiation, or whether its appli- 
cation should be confined to special conditions Under Biologtc 

‘ Counal 00 Physical Therapy, A-MJL Apparatus Accepted, p 72 AM A, 
Chicago, 1942 
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Ejects the effects produced by radiation of the wavelength gen- 
erated by this type of lamp will be discussed. It will be shown that 
such radiation has but a negligible penetration into tissue, and, 
therefore, although strongly bactericidal, such radiation can af- 
fect bacteria only on the surface. Even a thin film of od would 
protect the bacteria from the radiation * Furthermore, such radia- 
tion will not bring about tanning of the skin The chief applica- 
tion of radiation of this nature is for the sterilization of air 
The sterilization of air can be effected under proper conditions, 
but it is absurd to rely upon such radiation to sterilize objects 
covered with films of organic matter. 

C. Discussion. From the foregoing it must be concluded that 
the only practicable sources of ultraviolet radiation for medical 
use are the electric arcs They emit energy throughout the spectral 
zone of biologic importance, that is, of wavelengths shorter than 
about 3200 A U. These are the sources in common medical use 
The relative efficiency of various arcs as emitters of therapeutic 
ultraviolet radiation is shown in Table 25, adapted from that 
presented by KoIIer* From the data given by Koller the energy 
output of wavelengths shorter than 3135 A U. was computed for 
the various sources considered The number of microwatts per 
square centimeter pet watt input delivered by the quartz mer- 
cury arc of wavelengths less than 3135 A U was taken as 100 
per cent, and the relative efficiency of the other sources computed 
These computations appear in the last two lines of Table 25 

The excessively high output of infrared and visible radiation in 
comparison with the ultraviolet output in the spectral zone of 
wave-lengths shorter than 3000 A U. in the case of the carbon arc 
lamp, is brought out in Table 26, based on data presented by 
Seitz * In this table, the output of ultraviolet radiation of wave- 
lengths below 3000 AU. is considered 100 per cent in the case 

‘Roller, L R Bactencidal Effects of Ultraviolet Radiation Produced by 
Low Pressure Mercury Vapor Lamp Jour Allied Physics 10 5 624 (Sept ) 
1939 

‘ Roller, L R_ Production, Txansnusaon, and Reflection of Ultraviolet 
Radiation General Electnc Review 39 5 232 (May) 1936 

‘ Seita, E A Ultraviolet Radiators and 'Ibeir Biologic Evaluation Brit 
Jour Physical Medicine 11 10 (Feb) 1937 
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Transmission and Absorption or Kadiauoh by IIouam Skin (AccOROiNa to Sacceu and Reed) 
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solely to the presence of dissolved substances, but may be due also 
to the presence of very small particles. Hulbert^ found that in the 
range 2500 A.U. to 3000 A.U., the hIgCb, the CaSO^, and the 
water constituent of sea water each contribute about one'third 
to the absorption, the other salts that may be present contributing 
but little. 

B. By Tissues. The penetration of ultraviolet radiation into 
tissue is not great in comparison with the penetration of thermo- 
genic radiation. There is disagreement as to the exact penetra- 
tion of different wavelengths. The most careful determination of 
the transmission of human skin for ultraviolet radiations seems to 
be that of Bacfaem and Reed.* In Table 2S their data on trans- 
mission of human skin for wavelengths from 2000 A.U. to 14,000 
A.U. are given. 


TABLE 29 

STRccntu: or the Sets 




Stratum Cotneum (Homy Layer) 


Outer Skin 

1 Stratum Lucidum (Lucidum) 


(Epidenitls) 

Stratum Granulosum (Cranulosum) 



Stratum Rlucosum (Malpightao Layer} 

1 Basement Membrane < j 

2 

True Skin ' 

(Derma, Conum, 
or Cutis Vera) 

Fapiiiaiy Layer, Containing Ner>e Endings and 
CaptUanea 


Reticular Layer, hlade up of Fibrous Bundles 

3 

Subcutaneous 
Ccomective Tissue 

(Contains Lymphatics, Blood Vessels, bferves, and 
Fat ID Vanable Degree) 


* Hulbert, E 0 ■ The Penetratioo of TJltraviolet into Pure and Sea Water. 
J Optic. Soc, Amenca 17.1*15 (July) 1928 

• Bachem, A , and Reed, Cl- The Penetration of Light Through Human 
Skin. Am. J Physiology 97'-l S6 (April) 1931. 
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The skin is made up of (1) an epithelial layer, called the epi- 
dermis, cuticle, or scarj skin; and (2) the true skin, called the 
corium, derma, or cutis vera. Each is composed of several layers, 
from without inward, as shown in Table 29. In Fig. 83 is shown a 
spatial diagram of the skin, taken from Lewis,* giving the struc- 
tural layers and the arrangement of the arterial and venous plex- 
uses at various levels. 





Fic. 83. Spatial diagram of tbe skio and its tissues. (From Lewis, Thomas. 
The Blood Vessels of the Human Skin and Their Responses. Shaw and Sons, 
Ltd .London, 1927.) 


A study of this diagram, in conjunction with the transmission 
data presented in Table 28, will enable one to visualize the skin 
layers to which ultraviolet rays of various wavelengths will pene- 
trate. The far ultraviolet from 2000 to 2800 A.U. has only a 
superficial penetration of from 0.1 to 0.5 mm.; the near ultra- 
violet from 2800 A.U. to 3200 A.U. about 0.5 to 1 mm. Ultraviolet 
radiation is absorbed by protoplasm, and this absorption residts 
in physical and biologic changes which manifest themselves only 
several hours after exposure. 

‘Lewis, Thomas: The Blood Vessels of the Human Skin and Their Re- 
sponses. Shaw and Sons, Ltd., London, 1927. 
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C By Varmts Filters Filers are not used as extensively as 
they might be in infrared and ultraviolet therapy Reference has 
been made, page 206, to the use of a water filter and a filter 
of heat transmitting glass in conjunction with a tungsten filament 
lamp to filter out the long infrared rays and the visible rays By 
their use, the emission from the tungsten lamp is confined chiefly 
to radiation in the spectral zone from SOOO A U to 15,000 A U , 
the range of thermogenic wavelengths which penetrate relati\ely 
deeply into tissue 

By the use of appropriate filters, various zones in the ultraviolet 
region may be isolated The sdecUon of a filter will depend upon 
the effect it is desired to produce, a filter or combination of filters 
IS selected which will permit the passage of those radiations that 
are particularly effective m producing the desired effect 

Most sources of ultraviolet radiation, particularly the carbon 
arc lamp, emit a heterogeneous band of radiation extending from 
the long infrared rays, through the visible, and into the ultraviolet 
The shortest wavelength in the ultraviolet to which the emission 
spectrum extends, vanes widely depending upon the type of 
source employed, as was descnbed m the discussion on sources of 
ultraviolet radiation Consequently, much confusion has existed 
as to the particular range of wavelengths which produce an ob 
served dtaical effect Filters may be employed satisfactorily to 
lunit radiation from a source, and thereby provide the means 
whereby a more accurate evaluation of the clmical value of dif 
ferent spectral zones may be obtainwl 

To limit the radiation from a source to a given spectral zone, 
more than one filter may be required, especially when the source 
emits a high mtensity of visible and infrared radiation m addi 
tion to ultraviolet radiation A water cell will effectively absorb 
the long infrared radiation of wavelength greater tlian 15,000 
A U A filter^ transparent to the desired range of ultraviolet radia 
tion but opaque to visible and near infrared rays, if used m con 
junction with the water cell, will limit the transmitted radiation 
to the desired band of ultraviolet wavelengths If the intensity of 
the radiation absorbed by the ultraviolet transmitting filter is 
high, the water cell should be placed m contact with the filter, and 
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cool water circulated through the cell In this way, heat will be 
conducted away and the filter protected from excessive heating 
If the lamp is enclosed, a water jacket should be provided to 
protect the lamp from excessive heating 

If the fluorescent effects of ultraviolet radiation are to be 
utilized rather than its biologic effects, appropriate filters must 
be employed The transmission charactenslics of such filters will 
be discussed later 

Most optical materials used for lenses and filters are opaque 
to ultraviolet rays of the spectral zone which has been found use 
ful therapeutically In this discussion the transmission character 
istics of representative materials will be considered The various 
optical materials concerning which information might be of most 
value, are ordinary window glass, Corex, and certain special 
filters which have selective transmission characteristics useful for 
the purpose of isolating various spectral zones 

1 Ordinary Window Class Ordinary window glass effectively 
absorbs ultraviolet radiations of wavelength less than 3100 A U , 
a thickness of 3 3 mm pernuttiog only about 1 per cent of the 
incident radiation at 3100 AU to pass through At 3020 AU 
no energy is transmitted “ 

2 Ultraiitoltt Transimttuig Window Glass In an endeavor to 
make available the biologically important component of natural 
sunlight, various substitutes for window glass, having relatively 
high transmission for solar ultraviolet in comparison with ordi 
nary window glass, have been developed Such glass has been 
recommended for solaria installations 

Extensive tests of such materials have been made by Coblentz “ 
According to him, the better grades of this type of glass m thick 
nesses of 2 3 mm have an average transmission of the order of 
60 per cent at the wavelength of 3020 A U when new After ex 

“ CoblenU W W Stan R. Data on Ulliaviolel Solar Radiation and tbe 
Solarization of Window Materials Research Paper No 113 Bureau of 
Standards J Research 3 629 (Nov ) 1929 

“Coblentz W W Stair R Data on Ultraviolet Solar Radiation and 
the Solanzation of Window Materials Research Paper No 113 Bureau of 
Standards J Research 3 629 (Nov ) 1929 
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posure to a quartz mercury arc at a distance of IS cm. for a period 
of 10 hours, the transmission drops to about 40 per cent. 

Under optimal conditions, the radiant energy delivered by the 
sun does not extend toward the shorter wavelengths much beyond 
3000 A.U. When the biologically important component of sun- 
light is adequate for therapeutic use or for prophylactic purposes, 
the weather is such that open mr heliotherapy may safely be 
practiced, and at such times there would be no need for a solarium 
equipped with such glass In urban communities, particularly 
located in the temperate zones, the ultraviolet component of sun- 
light is negligible. It is slated by Krusen” that “in a room with 
ultraviolet transmitting glass windows and with a northern ex- 
posure [authors* note: northern skyshine has a high intensity of 
ultraviolet when a high intensity is present in sunlight] it would 
be necessary for an individual to remain for at least twenty hours 
in a portion of the room in which the illumination was equivalent 
to 10 foot candles is order to obtain the same amount of ultra- 
violet radiation as he would receive from two minutes of exposure 
to noon June sunlight.’* Krusen concludes that “during the short 
time an ofdce worker or school boy would be out to lunch he 
would receive mare ultraviolet radiation than could be obtained 
from an all day exposure through ultraviolet transmitting glass “ 

Obviously, the use of expensive ultraviolet transmitting glass 
for the glazing of office and schoolroom windows is not warranted 
Furthermore, the use of such material is unnecessary in solaria 
in view of the fact that high intensity sources of ultraviolet 
energy of the preferred range of wavelengths are available. In 
solaria equipped with such sources, irradiation may be adminis- 
tered at any time without regard to climatic conditions. With such 
high intensity sources, the desired erythemal dose can be adminis- 
tered in a short time of the order of 1 to 5 minutes, permitting 
the economic ultraviolet irradiation of large numbers in a com- 
paratively short time. 

5. Corex. The trade name of glasses for transmitting ultra- 


Krusen, F. H.: Physical hfedione. W. B. Saunders Co , Philadelphia, 194 1 
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TABLE M 



TTansmission m Per Cent 

Wavelength 

Corez A 

Cores D 

UV Transnuttmg 

Cores A 

laAU 

CG980A 

com 

CG5S7 

CG936 


Neutral 

Neutral 

Red Purple 

Red Purple 


2 mm 

2 mm 

2 mm 

3in» 

2200 

1 15 

0 

— 

— 

2400 

23 1 

0 27 

— 

0 

2600 

S3 1 

S 9 

— 

13 5 

2800 

75 3 

30 5 

0 

41 2 

3000 

84 0 

70 0 

3 9 

62 5 

3200 

87 9 

86 0 

34 2 

79 3 

3400 

83 4 

90 2 

64 0 

81 4 

3600 

88 5 



79 5 

79 7 

3800 



_ 

70 0 

43 0 

4000 

88 7 


26 5 

7 5 

4200 




4 5 

2 3 

4400 

89 3 

— 

J 0 

0 

4600 


__ 

1 0 

0 

4800 

89 7 



0 5 

0 

5000 





0 

0 

5200 

90 0 

— 

0 5 

0 

5400 

— 



0 5 

0 

5600 

90 0 

— 

1 0 

0 

5800 

— 



0 5 

0 

6000 

90 0 

— 

0 

0 I 

6200 

— 



0 

0 3 

6400 

90 0 



0 

1 0 

6600 

— 



0 5 

2 S 

6800 

90 0 



3 S 

12 8 

7000 

— 



25 S 

23 1 

7200 

90 0 



52 0 

24 0 

10000 

90 0 





9 5 

ISOOO 

89 8 

_ 


0 9 

20000 

85 7 





2 6 

25000 

74 4 





8 I 

30000 

1 8 






35000 

1 7 






40000 

— 







45000 

- 

- 

- 

- 


From Handbook of Chemistry and Physics, 23rd Ed , Chemical Rubber Publish 
ing Company, Cleveland 1939 



BADIATION 


261 


violet radiation made by the Coming Glass Company, is Corex. 
There are several distinct types of this glass, Corex-A, Corex-D, 
etc., depending upon the chemical composition and the intended 
use of the glass. In Table 30 is given the transmission of various 
filters when new. 

IV. Fluorescence and Photosensitization 

A. Fluorescence. When certain substances are irradiated with 
invisible ultraviolet rays, they emit colored light. The transforma- 
tion of the relatively short rays into radiation of longer wave- 
lengths, lying in the visible zone, is known as fluorescence. Strictly 
speaking, the term fluorescence should be confined to gases and 
liquids, since in the case of soHds the emission of the visible light 
persists for an appreciable time after the exciting ultraviolet radia- 
tion is cut off. In some cases the emission of luminous energy may 
continue for hours, as for example, in the case of luminous paint 
of certain sulfides of calcium. In others, however, it lasts for only 
a small fraction of a second after the exciting rays are removed. 
The term phosphorescence should be used when emission of ra- 
diant energy occurs after irradiation, and fluorescence when the 
emission occurs during irradiation. 

1. Fluorescent atui Phosphorescent Substances, We shall not 
enter into a discussion of the complex mechanism by which the 
effect of fluorescence is produced. In Tables 31 and 32 various 
substances are presented with the characteristic luminous energy 
emitted by them when irradiated with ultraviolet radiation. It is 
not necessary that the shorter wavelengths of ultraviolet radia- 
tion be employed, nor, in fact, is it desirable to use the wave- 
lengths that have profoimd biologic effects when employing 
fluorescence as a diagnostic or an investigative agent 

Almost any substance fluoresces to some degree at least 
Chemically pure substances in general exhibit fluorescence and 
phosphorescence only faintly. The impurities that might be pres- 
ent will influence to some degree the color of the emitted radia- 
tion. By a mixture of various materials, various colors can be 
obtained. The color of the fluorescence is generally diluted, or 
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TABLE 31 

Fluorescent Sobstances 


Substance 

Solvent 

Wavelength 

Color 

Anthracene 

Alcohol 

4000AU 

4300 

4360 

\'iolet 

Eosine 

Alcohol or 

Water 

5890 

Yellow 

Esculme 

Alcohol 

4600 

Blue 

Fluorescein 

Water (Alkaline) 

5420 

Green 

Quinine Sulfate 

Water 

4370 

Bluish 

Violet 

Resorcin Blue 

Water 

6500 

Red 

Rhodatun 

Water 

5540 

Yellow 

Mercuiochtome 

Water 

- 

- 


TABLE 32 

Phosphotescehi Substances 


Substance 

Color 

Wilemite 

Yellow-^reen 

tJtamum Glass 

Greenish > ellow 

Calaum Sulfide 

Violet 

Zinc silicate 

Green 

Calate 

Red 

Banuia Sulfide 

Orange 

Cadmium Compounds 

Yellow 

Calaum Tungstate 

Light Blue 


altered, by the body color of the substance. \Vhen studying the 
fluorescence of substances, it should be done in the absence of 
all visible light, so that reflection by the body of colors present 
in the visible radiation will not obscure or alter the color of the 
fluorescence. 
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2. Filters for Fluorescent Examination. The phenomenon of 
fluorescence can be excited by white light, and by radiation 
throughout the ultraviolet zone. The use of white light would, 
however, obscure the color of the fluorescent radiation. Therefore, 
it is necessary to absorb the visible radiation present in the spec- 
trum of the source by means of a filter which is opaque to 
visible radiation, but which is transparent to the invisible ultra- 
violet rays. Furthermore, a source of radiation should be em- 
ployed that does not contain an excessive component of thermo- 
genic radiation, for it has been demonstrated that thermal 
radiation will quench phosphorescence. Ives and Luckiesh'* have 
studied this effect of infrared radiation extensively. They also 
discovered that infrared causes a momentary flasUng-up of the 
phosphorescence of zinc sulfide several minutes after excitation.^* 
As Luckiesh states these phenomena can be utilized in signaling 
by projecting a beam of invisible infrared upon glowing zinc 
sulfide.^ 

The filter employed need not transmit strongly the entire gamut 
of ultraviolet radiation from 4000 A-IT. to 2200 A-U., but, in fact, 
should transmit only those rays lying above the zone of biologic 
effect, that is, radiation of wavelength 3200 A.U. to 4000 A.U 
Various filters of such characteristics are available. An example is 
the Jena filter, known as XJG 1, dark violet in color, obtainable 
from the Fish-Schurman Corporation, New York. In Table 33 
is given the transmittance in per cent of this filter at various 
wavelengths throughout the ultraviolet, visible, and infrared 
zones, for filter thicknesses of 1 mm., 3 mm., and 5 mm. The 
transmission for I mm. thickness was taken from the Handbook 
of Chemistry and Physics, 23rd Edition, and that for the thick- 
nesses of 3 mm. and 5 mm. was computed. For transmission of 

“ Ives, H. E., Luckiesh, M.: The Effect of Red and Infrared on the Degree 
of Phosphorescence in Zinc Sulfide: Astrophys. J. 34:3:173>196 (Oct) 
1911. 

“ Ives, H. E , Luckiesh, M ; The Influence of Temperature on the Phenom- 
ena of Phosphorescence ut the Afkalioe Earth Sulfide 36 4'330-343, 1912. 

“ Luckiesh, M • Ultraviolet Radiation. D. Van Nostrand Co , New York, 
1922. 
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Other filters consult this reference. In order to have a high in- 
tensity of invisible ultraviolet radiation without the employment 
of a very high intensity source, it is necessary to use a thin filter 
A filter, 1 mm thick, of the glass on which data are given in 
Table 33, will transmit an appreciable amount of the available 
ultraviolet energy, while cutting off most of the visible radiation 
but permitting some violet light to pass, as well as some red, 
A quartz cell, 1 cm. deep, containing 20 per cent copper sulfate 
solution, will absorb the extreme red and also the unwanted 
infrared. 


TABLE 33 

T»AKSiaTIA^CE OF U G 1 FILIEB fob FtOOBESCEM Exauejatiov 


Wavdesjth 

Per Cent Ttansnultance for Thickness of 

1 mm- 

3min*' 

5 mm** 

3020 A.U 

17 0 

0 5 

0 014 

3120 

37 0 

5 0 

0 7 

3340 

69 0 

33 1 

IS 8 

3660 

85 0 

62 

45 

4050 

8 0 

0 05 

0 

4360 

0 

0 

0 

4800 

0 

0 

0 

5090 

0 

0 

0 

5460 

0 

0 

0 

5780 

0 

0 

0 

6440 

0 

0 

0 

7000 

i 0 

0 

0 

7750 

34 0 

4 0 

0 4 

8500 

22 0 

1 05 

0 05 

9500 

11 0 

0 13 

0 002 

10050 

7 0 





11050 

50 





13000 

4 0 





14050 

4 0 



_ 

163QQ 

0 




18000 

0 




20000 

0 




24000 

11 0 

0 13 

0 002 

30000 

17 0 

0 5 

0 014 


• Talcen from Handbook of Chemistiy and Physics, 23rd Ed 
** Computed from data for 1 mm. aa descnbed in footnote • on 
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3 Non Medical Applications Fluorescent phenomena have 
been employed rather extensivdy as agents for quahtative ex 
ammalion This method for identification of fluorescent sub 
stances presents, like x rays, two great advantages over all other 
forms of analysis, namely 

First, the speed with which the examination can be accom 
phshed 

Second, the absence of any damage to the material undergoing 
test 

The method can be applied to so many circumstances in which 


*Id practice it s cu&tomaiy to determine the transraiss on of a sample of optical 
matenal for radiaUon by measunog the intens ty of the inadent radiation and the 
intensity ot the transmitted radiation The ratio of the inadent radiation to that of 
the transmitted radiation i$ called the Iransmtssum of the sample Hoirever the 
decrease m latensity of the radiation ts due not only to absoiption of radiation by the 
material but also to redection of radiation at the hrst surface namely the air glass 
surface and at the second surface the glass air surface The loss by reSectioo is about 
4 per cent at each of these surfaces The irantmtllMU of the glass on the other hand 
IS the ratio of the intensity of the radiation that actually enters the ^Uss to the inten 
sity of the ndiaUon that reaches the opposite surface. It, therefore is a measure of the 
transmitting properties of the glass, whereas the transmission is detennined by the 
transmitting properties of the glass and also by the rejecting properbes of the two 
surfaces Sinceapproxunately 4 per cent is lost by reflection at each surface thetrans* 
mission of a sample is about 92 per cent of its transmittance Therefore for example 
if the transmiss on of a sample is 0 SO for a tb ckncss of 2 mm at the wavelength of 

0 SO 

4d00 A.U its corrected transm ttance at this wavelength vnll be or about 0.871 

To deterrmne the transmittance and the transmiss on of this glass at the wave 
length ol 46W A.U but for a tbic^ess of 5 mm instead of two mm we proceed as 
follows 

LetTrepresent the transmittance of theglass I«,theii}tensityoftberadiatjoaenter 
ing a layer of the medium and I the mtenaity reaaimg the oppos te surface 

Then T=-^ 

It 

But from Lambert s Absorption Law 

I * in a hich o is the absoiptioa coeflkies t of this glass for the wai e 

length considered and I the thickaessof theglass m mm. Therefor^ T«— - — 

I* 

The symbol tf represents a constant and equals 2 718— Then this equation may be 
trrlteaT-^2 71S~* Tsilag hganths 2 S vttwtb sides this etiuatioa we cbtais 

IogT=-atlog2 7l8=-alX04J4 

Solving for o the absorption coeffic cnt we obtain 
logT 
0 434t 


(Footnote continued on next page) 
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fluorescent substances occur that only a few examples can be 
mentioned in this discussion 

a Detection of frauds, counterfeits, or falsifications m bank 
notes, checks, valuable stamps, and important documents 

b Rendering legible old writings that have become illegible 
through fading 

c Testing of textiles for composition, process, inequalities of 
dyeing, etc 

d Differentiation between genuine and imitation substances 
or between natural and synthetic products 


(Pooltuile to table S3 continued) 

SubstituUng the values gives above, namely, T^O S71 and 1-2 we obtain for a 
logOS7l (9 94-10) 060 

*"“■ 434X2 “ 868 “ 868 

Let ua now, knowing the absorption coefficient o{ tbis glass deteioune what the 
transmittance will be at the wavelength 4600 A U fora thicliDessof 5nun SubsUtut 
lag m the equation logT~— 0 434at weobtain 
060 

log T— 0434X-^XS--0 lS-9 85-10 or 
T- 708 

The tiansnussion which is 92 pec cent of the Uansraittance, will be 92X 70S oc 

651 K- V, 

The values in Table 33 for the thickness of I mm are corrected for redection and 
therefore represent the transmittaoces at the various wavelengths The values given 
in that table are then substituted directly in the equation for transmittance ana the 
absorpbon coeffiaent computed for each wavelength After determining thi° coefficient 
for each wavelength the transmittance of tbe filter for the t^cknesses of 3 mm and 
S mm IS readily computed for the various wavelengths An example of the method of 
computmg the transmittance of the filter for thicknesses of 3 mm and 5 mm at the 
wavelength 3340 A U foUons 

ThJckness=l mm , \=3340 A U transmittaiKe°*69 percent 
Thenlogio069*"— 434XaXl, and 


For 3 mm Iog,» T=- 434X3X‘^=- 48=9 52-10, or 
T= 331 or 33 1 per cent. 

mm logv.T=- 434XSX-^=- 80=9 20-lQ,or 
T= 158 or 15 8 per cent. 


For 5 
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e. Rapid detection of adulteration or substitution in food- 
stuffs; examination of moulds, etc. 

f. Detection of those fish tissues which are rich in Vitamin A.” 

4. Medical Applications. At present the application of fluor- 
escent phenomena has a limited use in the field of medicine. It 
can be used as follows: 

a. To differentiate between diseased and normal tissues. 

b. To reveal ringworms, which fluoresce a vivid green 

c. To reveal old scars or x-ray bums. 

d. To differentiate between devitalized and living teeth; de- 
vitalized teeth fail to fluoresce, while living teeth fluoresce 
to a brilliant whiteness. 

e. To identify bacterial cultures. 

In the future, addidonal important uses may be discovered in 
this comparatively new field. For example, a recent note in Time, 
June IS, 1942, page 35, reports the use of fluorescence to deter- 
mine whether or not to amputate in certain conditions. This 
procedure was described recently by Lange and Boyd at the New 
York Medical College. According to the report in Time, fluores- 
cein is intravenously injected into the arm of the patient having 
a gangrenous foot or strangulated hernia. The room is darkened, 
and ultraviolet radiation is directed onto the gangrenous area. 
The Qiiosesc^m should make a circuit of lie patient’s blood 
stream in 20 seconds. According to Lange and Boyd, if the foot 
or protruding gut is still vital and receiving an adequate supply 
of circulating blood, it will fluoresce yellow-green. Then it is 
safe to reduce the hernia, or stimulate circulation in the leg. 
But if circulation to the part is occluded, the leg or hernia remains 
dark on irradiation with ultraviolet. When this is the case, there 
must be immediate recourse to surgery. According to the report 
quoted, Lange and Boyd believe that by this test unnecessary 
surgery may be avoided. 

B. Photosensiiizaiion. By the use of fluorescent substances the 
effectiveness of radiation in producing certain effects may be 
enhanced. This effect of fluorescent substances is known as 


' Science. 95 12 (April 17) 1942. 
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photosenstttzaiwn A cntical evaluation of the merits and Umita 
tions of photosensitization by fluorescent substances m ultra 
violet therapy has been presented by Krusen His discussion of 
the subject follows 

An individual may be sensitued to ultraviolet rays by the internal 
administration of fluorescent substances Frequently it has been the 
practice in Germany, to administer eosin (in 0 2 gm doses) prior to 
ultraviolet irradiation for rickets This practice was begun after the 
World Wat of 1914 1918, when it was found necessary to treat a large 
number of undernourished children in a limited amount of time This 
procedure shortened the length of time required for each treatment The 
method is little used today and cannot be advocated, at least until it is 
better developed FoDotving the injection of 3 to 10 mg of hemato- 
porphyrin hydrochloride m alkaline solubon at intervals of a few days, 
into rachitic rats, basement room hght wiU heal the bone lesions and 
improve calciflcaUon 

Rachitic patients can be cured with a much shortened course of irra 
diatiOQ with the quaru lamp if 0 1 gm of eosin pulverized with Q 2 
gm of cane sugar is administered daily With eosin, only 100 minutes of 
exposure ate requited, whereas without it, 210 muiutes of exposure ate 
necessary It has been strongly recommended that photosensitizing mix 
tures be used for vanous diseases cbaraclenzed by decalciflcation, it 
being suggested that there be used an intravenous injection of a poly 
sensituuig mixture ’ 

Certain mvestigators have demonstrated that if very small amounts 
of eosm, which is fluorescent, are added to solutions, subsequent ultra 
violet irradiations of these solutions are more highly germicidal m action 
on the solution than when eosm has not been added In a similar manner 
fluorescein and other fluorescent substances in solution will increase the 
germiadal action of ultraviolet rays in that solution It is likewise 
thou^t that fluorescent substances m the skin, such as quinoidine, when 
irradiated may become bactenadal It is possible that application of 
fluorescent substances to the surface of the skin may increase the bac 
tenadal power of ultraviolet radiation aj^lied over that surface This 
procedure has not yet been sufficiently developed for general clinical 
use Good results have been recorded m treatment for psoriasis by use 

’Krusen F H Physical h^dtcme W B Saunders Co Philadelph^ 
1941 



RADZAnON 


269 


of combined applications of ciude coal-tar ointment and ultraviolet 
irradiation, with the thought that “coal-tar acts as a sensitizing agent 
for the light.” 

Photoseositization may result from the ingestion of certain 
foods and also certain drugs, such as the sulpha compounds now 
so widely used in various infectious diseases. Foods that will act 
as a photosensitizer for one patient may not for another. Care 
must therefore be exercised to determine whether a patient, 
due to drugs or to foods, is abnormally sensitive to ultraviolet 
radiation. In the discussion of technic, the routine procedure to 
be followed to determine a patient’s sensitivity to ultraviolet 
radiaUon will be outlined. 

V. Biologic Effects The biologic effects of ultraviolet radia- 
tion have been extensively studied. Some have been well estab- 
lished, together with the relative effectiveness of the different 
waveleng^s of ultraviolet radiation in producing them. These 
effects provide the basis on which rational therapeutic application 
of ultraviolet is founded.* Other effects may be produced, but such 
possible effects should be critically evaluated before basing thera- 
peutic application on them. 

According to Hess and Poncher:** 

1. The beneficial effects are brought about by the stimulation of the 
nerve endings in the skin with resultant functional changes in the 
autonomic nervous system. 

2. The rays produce a general systemic reaction by penetration and 
absorption in the capillaries of the corium 

3. The sterol in the skin is rendered photoactive by radiation It 
has been definitely shown by various investigators that irradiated ani- 
mal and human skin is antirachitic and that thb action is therefore 
independent of the intact nervous or circulatory system. 

* A recent evaluation of the therapeutic indications for ultraviolet irradia- 
tion has been prepared and published by the Council on Physical Therapy of 
the A.ilA : The Therapeutic Value op Ultraviolet Radtaltan JA-ilA., 120: 
620. 1942, 121 126, 1943, and 121.513. 1943 

“ Hess, Julius H., Poncher, Henry G : Principles and Practice of Physi- 
cal Therapy. 1: W. F. Pnor Co., Hagerstown, Maryland, 1936, 
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The known and established effects of ultraviolet radiation are 
essentially photochemical, and the effects which are produced 
depend on the particular wavelengths employed The relative 
effectiveness of radiation of different wavelengths in producing 
these effects can best be expressed by means of graphs, in which 
the degree of the effect observed is measured vertically against 
a horizontal scale of wavelengths This method is employed in the 
following discussion 

A Producttan of Erythema Sometime after irradiation, a red 
ness appears m the irradiated skm of the subject This redness is 
called an erythema Not all ultraviolet wavelengths are equally 
effective in producing this effect, nor is the time elapsing between 
the irradiation and the first appearance of the erythema the 
same for all wavelengths 

In Fig 84, taken from Hausser,’* the degree of redness or 
erythema of skin at various periods after irradiation with dif* 
ferent wavelengths of ultraviolet radiation is shown The same 
mtensity and the same time of irradiation was employed for all 
wavelengths used, that is to say, the same total energy was 
administered at the various wavelengths studied Through the 
plotted points smooth curves were drawn, giving the series of 
curves shown in the figure already referred to 

It IS to be noted that the erythema response curve has two 
maxima, one at about 3000 AU, and the second at about 2500 
AU Furthermore, the maximum degree of reddening of the skin 
due to radiation of wavelength 2500 A U appears in about 6 
hours after irradiation and then begins to fade, disappearing 
completely at the end of six days, whereas the maximum degree 
of reddening due to 5000 A U does not develop before a day 
after irradiation, persisting at this level for 3 days and at the end 
of 10 days still being 66 per cent of its maximum The erythema, 
therefore, due to irradiation with a lamp having its maximum 
ultraviolet output at about 2500 A U , such as the so called “cold 
quartz” lamp, should develop early after exposure and also fade 

"Hausser K. W EinSuss dei Wellenlange in der Sliahlenbiologie, Lichl 
biologie und Lichttberapie, edited Hans Meyer Urban und Schwartzen 
berg Berlin, 1928 
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away withm a few days On the other hand, the erythema due to 
a source emitting most of its eiythemogenic radiation at 3000 
A U , as the sun, should develop slowly, but persist for a rela 
lively long period of time The evanescent character of the 
erythema due to radiation from a “cold quartz” lamp, as com- 


fi a c D 



Tig. 84 Degree of erythemi for different waveleogtbs of ultraviolet radiation 
at vanous penods after exposure A 2 5 hours, B, 4 5 hours, C, 6 5 hours, 
D, 1 day, E 3 days, F, 4 days, G, 6 days, H, 10 days {From Bausser, 
K. W Emffuss der Weileulaoge la der Strahlenbrologie, Licbtbiologie und 
Licbttherapie, edited by Hans Meyer, Urban and Schwartzenberg Beilin, 
1928) 

pared with the erythema produced by solar radiation, is well 
known to users of ultraviolet radiation 

Irradiation with a hot quartz mercury arc lamp will produce 
both types of erythema, since the radiation from that type of lamp 
contams strong emission lines m the neighborhood of both 3000 
AU and 2500 A U 

The relative effectiveness of different wavelengths m the pro- 
duction of erythema has been fatriy well determined IVhile 
results obtained by different observers as to the relative effective- 
ness of radiation in the region of 2S00 A U vary widely, results 
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obtained by them agree well as regards the fact that two maxima 
exist, one at about 2500 AU and anothef at about 3000 AU 
Fig. 85, taken from Taylor,*® shows the results of five researches 
The heavy curve, determined by Coblentz, Stair, and Hogue,*’ 
represents approximately the average 
According to the results shown in this figure, the line 2967 A U 
in the mercury spectrum appears to be the most effective wave- 



Fic S5 Relative spectral 
erytbemic reaction of the 
bumao skin to equal 
amounts of radiant energy 
at vanous wavelengths H 
and V — Hausser and Vahle 
L, H, and T^LucIuesh, 
HaDoday, and Taylor C, S, 
and H^Coblentz, Stair, and 
Hogue (From Bureau Stan* 
dards J Research 8 544 
1W2) 


length in producing erythema per unit of energy — that is to say, 
to produce a given final degree of erythema apparently less 
energy is required at this wavelength than at any other wave- 
length However, the relative effectiveness of radiation at 2500 
A U and 3000 A U. in producing an erythema depends upon the 

"Taylor, A H. The hleasurement of Erythema! Ultraviolet Radiation 
J Optic Soc America 23 60 {Feb ) 1933 

“Coblentz W W, Stair, R., and Hogue, J M The Spectral Erythemic 
Reaction of the Uataimed Human Sbn to Ultraviolet Radiatm Bureau of 
Standards J Research. 8 544, 1932 
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degree of erythema to be produced The two maxima of the ery 
thema response curve are not of equal value m a photobiological 
sense according to Seitz ” 

The erythema curve should therefore not be reproduced in its form as 
usually drawn, but g aduatcd according to the grades of skm reddening 
In Fig 2 [Fig 8(5] spectral curves of action are shown for the rnmimnm 
erythema, for a middle degree erythema, and for strong stmbura The 


Fig 86 Relative spectral 
erythema efficiency for the 
mm mum perceptible ery 
thema (£•) middle degree 
erythema (E<), and sun 
burn (E») (From SeiU E. 
0 Ullranolet Radiators 
and Their Biologic Evalua 
boo Bntish Journal of 
Physical Medicine Vol 11 
p 10 Feb 1937) 


relative erythema eSeebveness is drawn on a logarithmic scale smee 
for (eg) the nutumum erythema (Eg), the relabve effeebveness of 
wavelengths 2S00 3600 A U is about 100 000 1 The maximum at about 
3000 A U is taken cis ~ 100 for the middle erythema (E« m Hausser 
and Vahle s defimbon) and the erythemogenic acUvity of other wave 
lengths, and also for other degrees of erythema is referred thereto The 
curve for E* m Fig 2 [Fig 86j corresponds m its course to the erythema 
curve of Coblenlz as shown m Fig 1 [Fig 87, page 282], from which 
It follows that Coblenlz must ba\e chosen something corresponding to 
this mean grade of erythema as a criterion 

It IS seen from this diagram that m the produebon of the mmimum 
erythema (E<,), short waved radiauon of about 2S00 A TJ has an acbon 
about too tim e? stronger than the U V radiaboa about 3000 A.U , that 
as regards a mean degree of erythema (E,) both maxima are almost 
equal, whereas sunburn is exclusivdy evoked by the spectrum region 
about 3000 A U 

“ Seitz E. 0 Ulbaviolet Radiators and Then Biologic Evaluabon The 
Btibsh J Phy&ial Med. II 179 (Feb) 1937 
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Work done at Cornell University by Maughan” indicates that 
the wavelength 2968 A U is very important m the prevention and 
cure of rickets in chickens, and presumably the same would apply 
to Tickets in children 

Concerning the mechanism responsible for the production of 
erythema, Laurens slates ** 

Ultraviolet irradiation forms or liberates active substances in the skin 
which are responsible for the erythemal response and for pigmentation 
The structural changes are almost enliidy limited to the stratum mu* 
cosum and the erythemal re^onse seems due to the photochemical de 
composition of a constituent of these cells with the liberation of active 
reaction products These diffuse to the region of the minute vessels of 
the subpapillary venous plexus of the conum and lead to vasodilation 
The active substance is probably a typical prolem or a simple deriva- 
tive The photooxidauon of typical proteins with wavelengths from 
2350 to 3150 Angstroms leads to the foimatioo of proteoses and similar 
products It IS a plausible hypothesis that the active substance is a 
denvative of the proteins of the ceUs of the stratum mucosum, that it is 
an H substance, that is, a substance with some of the functions of 
histamine, if not histamine itself, and that it is m the form of an H 
colloid (Alitchell 1938) It is reasonable to believe that erythema is a 
sequel to injuiy to the pnckle cells produced by wavelengths shorter 
than 3150, and that this injury is of the nature of coagulation or de- 
naturation of the protein of the pnckle cells of the epidermis Blum 
believes that the simplest explanation is that the erythemic mechanism 
IS composed of two rather distmct parts The first is a photochemical 
reaction which determines the amount of radiation necessary to produce 
the erythemal response, whidi like most photochemical reactions has a 
low temperature coeffiaent This reaction takes place principally m the 
pnckle cell layer, but sets off other reactions which result m the produc 
tion of substances which cause the dilation of the mmute vessels m the 
papillary layer It is these secondary reactions which occupy the latent 
period 

There is a belief that infrared radiation may, under certain 

“ Maughan G H Ultraviolet waveleagUis valuable m the cure of nckets 
in chickens Amer J Physiology 87 381 Dec 1928 

“ Lauteas, Henry The Physiologic Effects o! Radiant Energy Arch Phys 
Therapy 23 3 (March) 1942 
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conditions, enhance the effect of ultraviolet radiation; and under 
other conditions, diminish the effect: acting in the first case as 
a synergistic agent, and in the second as an antagom'stic agent. It 
is true that infrared rays will have an influence on fluorescence, 
as has been pointed out, and it is reasonable to assume that the 
heat produced by the absorption of infrared rays may have an 
effect on the speed of photochemical reactions. 

A number of workers have observed that if ultraviolet irradia- 
tion is preceded by irradiation with infrared rays, the effect of 
the ultraviolet irradiation is enhanced.** Hill, according to Kru- 
sen,** believes that the biologic action of ultraviolet rays is accel- 
erated by the heating effect of infrared and luminous rays. The 
synergistic effect of infrared and visible radiation seems to be 
greater if administered before irradiation with ultraviolet rays than 
if administered concurrently. In most instances then, according to 
Krusen, infrared irradiation should precede ultraviolet irradiation 
rather than be administered in excessive amounts concurrently. 
Further, Rosewarae*’ states that the mild erythema provoked by 
ultraviolet irradiation may be suppressed by subsequent Infrared 
irradiation. 

However, concemmg the possible antagonism of radiation of 
different wavelengths, Blum,** who has critically evaluated the 
available evidence, states: 

Much has been published about the supposed antagonism of different 
wavelengths, but the subject seems shot through with error and mis- 
understanding. There is no theoretical reason for believing that specific 
wavelengths are antagonistic to other specific wavelengths yet the idea 
that infrared radiation tends to o[^se visible or ultraviolet radiation is 
current in some places. 

B. Production of Pigmentation. Contrary to popular belief, the 
presence of melanin in the skin does not protect the human 

“Rosenarae, D D ; A Textbook of Actmotherap}', with Special Reference 
to Ultraviolet Radiation. C. V. Mosby Co, St Louis, 1928 

"Knisen, F. H.: Physical Medicioe. W. B. Saunders Co, Philadelpliia, 
1941. 

“Blum, H. P.: Photodynamic Action and Diseases Caused by Light Rein- 
hold Publishing Corporation, New York, 1941. 
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organism from ultraviolet rays by acting as an absorber of such 
rays, smce ultraviolet rays do not penetrate to the basal epidermal 
layers, m which the melamn is situated (See Transmission and 
Absorption, page 254) The deposition of melanin will, how 
ever, afford protection against the relatively deeply penetrating 
infrared and visible rays Krusen** observes that a thickening of 
the horny layer, following repeated eicposure, provides the pro 
tection against excessive ultraviolet radiation which has been 
attributed to the tanning that results from exposure to ultra 
violet radiation 

Laurens** explains pigmentation on the basis of cell mjury, 
smce it IS generally preceded by an erythema The migration of the 
pigment from the undamaged basal cells into the injured cells of 
the more superficial epidermis is due, according to him, to the 
trophic action of some chemical substance set free by the injured 
cells Laurens believes the formation of new pigment in the basal 
cells may be explained by the action of some substance elaborated 
by the injured cells 

The difference m pigmentation produced by ultraviolet radia 
tion of wavelength 2500 A U and 3000 A U is discussed as fol 
lows fay Seitz ** 

Aq erythema produced by wavelengths around 2500 leaves scarcely 
any, or at most only an inconsiderable pigmentation whereas the ery 
thema produced by 3000 A U results in strong pigmentation Franken 
burger s brilliant suggestion offers a plausible explanation of these 
phenomena the substance which produces pigment is tyrosine which is 
deposited m the upper layers of the epidermis and is protected by a 
homy layer about 25ii thick It follows that the absorption curve of 
tyrosine must be multiplied by the absorption curve for the homy layer 
of the skm The absorption spectrum of tyrosme thus modified then 
shows a stnking agreement with the skin erythema curve Histidme is 
regarded as a second important material m the skin reaction and its 
photochemical change into histamme which as known produces a vivid 

“Krusea F H. (see preceding lefetence) 

"Laurens Henry (see preceding reference) 

" Seita E 0 Uitraviolet Radiators and Their Biologic Evaluation British 
Jour Physical Med 11 179 (Feb) 1937 
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erythema whea introduced into the skia, even in minimal quantities, is 
conceivable as at least a by-product or intermediary transition product 
This histidine-histamine change occurs only -with wavelengths below 
2700 AU. and according to this the primary erythema reaction would 
pertain only to the U-V of shorter wavelength. The erythemal activity 
of the longer-waved U-V can be explained by assuming an mcursion of 
minute amounts of histamine mto the outer layers in consequence of 
cell-destruction through the longer-waved U-V there absorbed. These 
considerations satisfactorily explain both the diverse erythema and pig- 
mentation actions of the two maxima on the erythema curv’e. 

The most effective wavelengths for producing pigmentation 
appear to lie in the spectral band 2900 A.U. to 3300 A U. Sunlight 
produces the most perfect pigmentation, and its radiation does not 
extend below 2900 A.U. Furthermore, sunlight filtered through 
glass, which reduces materially the intensity of solar radiations 
of wavelengths shorter than 3300 A.U., produces very little pig- 
mentation. Pigment formation is dependent on individual factors, 
race, coloring, constitution, and body function. It can be used as 
an idex in treatment. It is also a measure of adaptation, since 
pigment formation, homy layer thickening, and chemical altera- 
tions of the skin cell proteins run parallel. 

C. Activction 0 / ErgosteroU Heabron, Kamm, and I^Iorton” be- 
lieve that in order to obtain a high yield of vitamin D in irradiated 
ergosterol, only rays longer than 2700 AU. should be used, 
because of photo-decomposition of the vitamin by the shorter 
wavelengths. They found from spectroscopic examination that the 
wavelengths absorbed by ergosterol are 2930 A.U., 2810 A.U., and 
2700 A.U. These wavelengths are then, obviously, the wavelengths 
effective in activating ergosterol, for it is only those wavelengths 
of radiation which are absorbed that can be effective in bringing 
about photochemical changes. Heilbron and his associates ob- 
served that these absorption bands disappeared in proportion to 
the gain in anti-rachitic potency. As these absorption bands dis- 
appeared, a new absorption band developed at 2470 A.U. This 

"Heilbron, I. M, Kamm, E. D, MoiIoq, R, A.. Absorption Spectrum 
of Cholesterol and Its Biological Significance with Reference to Vitamin t). 
Biocbem. J 21 78, 1927 
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new absorption band is assoaated with the presence of vitamin D 
and if the activated ergosterol is irradiated with radiation of 
the wavelength 2470 AU, photo decomposition of vitamin D 
results, with the formation of other substances of a possible toxic 
nature 

D Effect on Calcium and Phosphorous Metabolism Through 
pbotochemical effects of ultraviolet radiation on some cholesterol 
derivative present m the skin acting as a precursor, vitamin D is 
formed and in some manner absorbed, increasing the rate of 
calcium and phosphorous metabolism The wavelengths of radia 
tion found most effective are approximately the wavelengths of 
the absorption bands of ergosterol However, it must not be con 
eluded, therefore, tliat the provitamin substance present in the 
skin IS ergosterol In fact, Hams, quoted by Krusen,** states that 
ergosterol has never been proved to be present m animal tissue, 
being a plant sterol In the opinion of Laurens,” it seems that 7 
dehydrocholesterol is the significant provitamin D of the skin 

It seems generally agreed that the wavelengths most effective 
iQ curing rickets, and hence presumably most effective m promot 
mg calcium and phosphorous metabolism, are in the region be 
tween approximately 3120 AU and 2650 AU The favorable 
mfiuence of ultraviolet radiation of wavelengths m the spectral 
zone, 3120 AU to 2650 AU, on calcium and phosphorous 
metabolism, indicates in general the usefulness of such radiation 
in the treatment of conditions due to calcium deficiency 

E Bactericidal Effect The bactericidal effect of ultraviolet 
radiation has been known for many years Over 60 years ago, 
Downes and Blunt** demonstrated that sunlight killed bacteria, 
and showed that the action was associated chiefly with the shorter 
wavelengths 

The extensive work that has been done recently in this field 
has demonstrated that radiation m the spectral region of the 

®K.rusen F H. Ri>sica3 Medicine TV B Saunders Co PhiJadelphia 
1941 

“Laurens H. The Physiological Effects of Radiant Energy Ann Rev 
Physiol 3 21 1941 

“Donnes and Blunt Proc Roy ScK. 2 d 488 1877 
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mercury line of 2537 A.U is most effective in the killing of B. Coli. 
Hence, a low pressure mercury g^ow discharge lamp, which emits 
approximately 95 per cent of its ultraviolet radiation at the line 
2537 A.U., should be a powerful bactericidal agent. Using such 
a generator, Roller*® has investigated the potency of its radiation 
in killing bacteria in air and on surfaces. He found that a lamp 
of this type, taking IS watts and emitting 25 microwatts per 
square centimeter of 2537 AU. radiation at 1 meter from the 
lamp, will kill 97 to 99 per cent of B. Coli suspended in air 
at a distance of 24 inches in 10 seconds. Such a lamp, he found, 
will kill B. Coli on the surface of agar at a distance of 10 inches 
in 20 seconds. Roller found that the Bunsen-Roscoe reciprocity 
law applied to the killing of bacteria throughout a wide range 
of intensities. He also found that for practical purposes the effect 
of temperature may be neglected. 

The lethal dose of 2537 A.U. radiation for different bacteria 
and spores was found by Roller to vary widely, as would be ex- 
pected, being <5600 microwatt seconds per square centimeter for 
B. Coli on agar, and 45 times that for black mold spores.* 

From Roller’s experiments it may be concluded that ultraviolet 
radiation of wavelength 2537 A.U. is a powerful bactericidal 
agent, if the bacteria are directly exposed to the radiation, but 
that the e§ectiveness is greatly reduced by even such a slight 
shielding as is offered by a film of grease. 

In view of the fact that a thin film of grease or other organic 
matter completely protects bacteria from the bactericidal effect 
of ultraviolet radiation of wavelength 2537 A.U., no direct effect 
can be expected on deep-lying bacteria when irradiating a lesion 

“ Roller, Louis Bactericidal Effects of Ultraviolet Radiatloa Produced by 
Low Pressure Mercury Vapor Lamps Jour Applied Physics. 10 9:624-630 
(Sept ) 1939. 

* The survival ratio of bacteria when subjected to some lethal agent has 
been shown to be an eaponentia) functioa of tnne of the form 

where N = number of organisms surviving at any time /, No = the number 
of organisms at time t =* o, k == a constant depending upon tie susceptibility 
of the organisms to the radiation, and I = the radiaUon intensity, and e = 
2 718-, the base of the natural system of ic^anthms. 
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With such radiation Ultraviolet radiation of longer -wavelength 
(3000 A U ) has a somewhat greater penetrating power, but has 
only a negligible bactericidal effect It appears reasonable to 
assume that any bactericidal effect, produced below the surface 
of tissue by irradiation with ultraviolet, is due to secondary effects 
of such radiation To destroy bacteria, energy must be absorbed 
The absorption characteristics of bacteria are not greatly different 
from those of normal tissue cells Hence, it is obvious that radia 
tion, capable of being absorbed slton^y by bacteria, will be 
absorbed strongly by the tissue cells intervening between the bac- 
teria and the source of radiation Such tissue cells would, there- 
fore, protect the bacteria beneath them 
Any source of radiation, emitting strongly in the zone 2400 
A U to 2800 A U , can be used as a bactericidal agent for the 
destruction of accessible bacteria 
A great deal of work has been done investigating the potenti- 
alities of ultraviolet radiation as a means of sterilizing air in 
operating rooms, hospitals, and schoolrooms According to Wells 
and others, air borne infections can be controlled by this means 
The literature has become extensive on this subject For those 
interested m pursuing this subject further, the following refer 
ences are presented Each of the articles contains additional 
bibliographies, which may be consulted 

Wells, W F , Wells, M W Air Borne Infection JAMA 107 1805, 
1936 

Wells, W F , Wells M W Measurement of Sanitary Ventilation 
Am J Pub Health 28 343, 1938 

Roller, L R Bactericidal Effects of Ultraviolet Radiation Produced 
by Low Pressure Mercury Vapor Lamps T Applied Physics 10 624, 
1939 

Wells, W F , Wells, M W , and Mudd, Stuart Infection of Air, Bac 
teriologic and Epidemiologic Factors Am I Pub Health 29 863, 
1939 

Robertson, E C , Doyle, M E , Tisdall, F F , Roller, L R , and Ward, 
"F S Air Contammation and Air Stenlization Am J Dis Children 
58 1029, 1939 

Wells, W F Apparatus for Stucly of Expenmental Air Borne Disease 
Science 91 172, 1940 
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Wells, W. F.: Bactericidal Irra^ation of Air: Part I, Physical Factors. 
J. Frankim Institute. 220:3, 1940. 

Andrews, C. H.: Control of Air-Bome Infection in Air-Raid Shelters 
and Elsewhere. Lancet 2:770, 1940. 

KoUer, Lewis R.; Killing Germs with Ultraviolet. Wallerstem Labora- 
tories Communications. 4:183, 1941. 

Wells, W. F., Wells, M. W , and Wilder, T. S : The Environmental 
Control of Epidemic Contagion. I. An Epidemiologic Study of Radiant 
Disinfection of Air in Day Schools. Am. J. Hygiene. 35.97, 1942. 
M^ells, W. F.; Radiant Disinfection of Air. ArtSi. Phys Therapy. 23; 
143, 1942. 

F. Summary. Seitz** has summarized, in the form of spectrum 
action-curves, the various established effects of ultraviolet radia- 
tion. Fig. S7. In addition to action-curves for the effects discussed 
in the foregoing paragraphs, which are the effects on which 
clinical application is primarily based, are also action-curves for 
growth restriction of tissue cultures, for albumen coagulation, and 
for hemolysis. To quote Seitz: 

The effects which sound so alanm'ng, such as growth restriction, cell- 
destruction, albumen coagulation and haemolysis, diminish in signifi- 
cance as soon as one remembers the filtration of mddent energy through 
the resistant homy layer and the layers of cuticle. If, taking the skm 
erythema as a guide, over-dosage is avoided, then cell-destruction will 
not go beyond a stimulus which b mild and desirable on cosmetic 
grounds for regeneration of the skin. The autogenous protein effects 
likewise aroused are furthermore capable of activating the entire metab- 
olbm and increasing nervous and muscular vigour. Using rational 
dosage we at the same time avoid another undesirable effect ascribed to 
the short rays; From the experiments of van Wljk and Reerink it might 
be argued that irradiation with 2500 A.U. damages the Vitamin D 
formed from ergosterol or creates noxious substances in such amounts 
that irradiaiioD with these wavelengths would need to be avoided. The 
tests made have, however, shown that by using small doses the required 
vitaminizatiQa occurs even with U-V-R of 2500 A.U. and that the 
noxious effect only be^ns with doses which m practice, if the erythema 
curve be taken as a guide, are never applied Noxious effects are only to 
be feared with sources of rays which have an absolute predominance of 

“SeJtx,E.O. (see preceding reference, page 276). 
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this short U V, such as the low pressure mercury lamp m quartz or 
transparent glass (the cold quartz lamp) In fact, no failure of activa 
tion has ever occurred when using U V sources having a good energy 
distribution between 2500-3100 AU Furthermore not one single in 
stance is reported of toxic effects from short waved U V when irradiating 
men or animals as opposed to the effects observed when irradiating 
vitaminized drugs in which (owing to the lack of a guidmg erythema) 



Fig 87 Spectrum aclioa curves for various bolofic effects (From Seitz) 
1 Ergosteiol absorption (van Wijk and Reennk Strahleotherapie 40 739 
1931) 2 Bactericidal Action (B Coli) (Ehnsmann and Noethlug Z Hyg 
132 597 1932) 3 Growth Restnctionof Tissue Cultures (£ Mayer Strahleo 
therapie 39 148 1931) 4 Albumen Coagulation (Lucluesb Artificial Sun 
igbt D Van Nostrand Co New York 1931) 5 Hemolysis (C Sonne Stiah 
leathetape 28 45 1928) 6 Erythema Curve (CobltnU Stair and Hogue 
Bureau of Std J Research 8 541 1932) 


the dosage was excessive Agamst the conjunctivitis evoked by short 
waved U V it is easy to take simple precautions during therapeutic ex 
posures by such measures as dosing the eyes or wearing dose fitting 
goggles 


VI Technic of Application From the foregoing discussion 
on the generation of ultraviolet radiation, its transmission and 
absorption, and its biologic effects, you have learned that it is the 
invisible rays of wavelength less than 3200 A U that must be em 
ployed for ultraviolet therapy 
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The entire ultraviolet zone of radiation extending from 4000 
A.U., the limit of the visible spectrum, to 1850 AU., the limit 
of transmission of quartz, has been subdivided into various zones. 
In Fig. 88 are given the subdivisions in common use and their 
approximate wavelength limits, together with the approximate 
zones of biologic effects. In our opinion, the majority of classifica- 
tions are based on arbitrary standards having no definite relation- 
ship to biologic phenomena. The spectral range of ultraviolet 
radiation employed in therapeutics extends from approximately 
3200 A.U. to 1850 A.U., the limit of transmission of quartz, but 
for all practical purposes extends only to about 2200 A.U., since 
radiation of wavelength shorter than this, generated by sources 
in common use, has a negligible intensity. It is suggested that two 
subdivisions be employed: non-lherapeutic, 4000 A.U. to 3200 
AU.; and therapeutic, 3200 AU. to 2200 AU. The upper 
limit of 3200 A.U. for the therapeutic zone seems logical, since 
at this wavelength the spectral action-curves given in Fig. 87 
indicate the cessation of all the well-established biologic effects 
upon which therapeutic application is based. 

The clinical application of ultraviolet radiation must be based 
on a consideration of a number of factors, such as the patient’s 
sensitivity, the type and the intensity of the radiation, and the 
therapeutic effect to be produced. 

A. Dosage. Let us discuss the matter of dosage from the view- 
point of these factors. It has been repeatedly brought out in the 
preceding paragraphs that to produce an effect the absorption of 
energy is required. Furthermore, the threshold quantity of 
energy to produce a given effect to a given degree will vary be- 
tween individual patients. Everyone has observed that different 
individuals will not respond to the same degree to the same ex- 
posure to sunlight. Not only, therefore, is it necessary, when ir- 
radiating a patient to produce a given therapeutic effect, to know 
what type of radiation is most effective, but also to know the 
intensity of the radiation used and the patient’s susceptibility. 
Knowing these factors, a technic can be established for that 
patient. 
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1 Source oj Radtatwn The source of radiation employed 
should emit radiation of adequate mtensity in the zone of wave- 
lengths less than 3200 A V , the therapeutic zone If primarily a 
heating effect with incidental beneficial ultraviolet effects is to 
be obtained, a source relatively weak in mtensity in the thera 
peutic band, but emiltmg a preponderance of its radiation in the 
therraogemc range, 5000 A U to 15,000 A U , should be chosen 
The sources in common use are 

a Hot quartz mercury arc 
b Carbon arc with various types of carbons 
c Low pressure mercury glow discharge (so called "cold 
quartz’*) 

Of the foregoing, the first and third generate primarily ultra 
violet radiation The spectral distribution of the radiant energy 
enutted by a carbon arc will depend upon the composition of the 
carbon electrodes as already explained 
a Spectral Dutnbutton The spectral distribution of the radi- 
ant energy emitted by various types of sources has already been 
discussed The relative effiaency of these different sources in 
producmg various biologic effects has also been considered In 
Table 34 information on the three sources, mentioned m the 
piece6ii7g paragraph as being in common use, is given in general 
terms, which should prove of assistance in selecting the proper 
source for the irradiation of a patient 

b Intensity of Ultraviolet Radtaiion All lamps emit a mix- 
ture of radiation The output of therapeutic ultraviolet radiation 
(that IS, radiation of wavelength less than 3200 A U ) has been 
expressed in various units of measurement Radiometers of various 
types have been employed They can be divided into two classifica- 
tions, selective and non selective m their response to radiation 
A non selective radiometer is one that responds equally to all 
wavelengths of radiation The response, therefore, of such a 
radiometer wiU be proportional to the incident intensity, regard- 
less of the wavelength of the radiation A selective radiometer, on 
the other hand, does not le^iond equally to all wavelengths 
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The response of such a radiometer to radiation is a measure of 
the efficacy of the source under measurement m producmg the 
effect upon which the operation of the radiometer is based There- 
fore, its response is not necessarily a measure of the efficacy of 
the source in producmg biologic effects whose spectral action- 
curves are different from the spectral response curve of the 


TABLE 34 



Spectral Distnbutiaa 


SoMice 

Thera 

peutic 

Ultraviolet 

Radiation 

Visible 

Radiation 

Near 

Infrared 

Radiation 

Field et Usefulness 

Hot Quart* Mercury 
Vapor Arc 

Hijfh 

Lfoderate 

hloderate 

Complete range of 
ultraviolet therapy 

Carboo Arc 

SunsHiae Carbon 

Low 

High 

High 

Pnmanly for heat 
therapy with zunimal 
concurrent ultraviolet 
effects. 

Therapeut c C 
Carbon 

High 

High 

High 

Complete range of 
ultra viokt therapy 
if heat IS not contra 
indicated 

Cold Quartz 

High 
9S%o{ 
total at 
2537 A U 


Low 

Bactericidal 
(Accessible bactena) 


radiometer If the radiometer is so constructed that its response 
to the wavelengths within the therapeutic zone of ultraviolet ap 
proximates the erythemal response curve, then the response of 
the radiometer to the radiation from a source will be approxi 
mately proportional to the erythemogenic effect of the radiation 
from that source Similarly, if the response curve of the radiom 
eter should approximate the bactenadal spectral action curve, 
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the measure of intensity obtained with the radiometer will be a 
measure of the bactericidal efficien<y of the source. Similarly, 
with other spectral action-curves. Therefore, in order to measure 
the useful output intensity of a source of ultraviolet radiation 
with a selective radiometer, the use to which the radiation is to 
be put should be known, and a radiometer with appropriate 
spectral response be chosen In Table 35 are given some of the 
various types of radiometers that have been employed. 


TABLE S5 


Radiometer 

Response 

1. Non-selecbvc 
a. Thermal methods 
(11 Thermopile with 
spectrometer 
(2) Bolometer with 
spectrometer 

Equally to all radiation 

Equally to all radiation 

2 Selecuve 

a Pholo-chemjcal methods 
b Photo-electnc methods 
c. Thermal methods 

(1} IhennopJe with filters 

(2) Bolometer with fillers 

Selective^ depending upon solution 
Selective, depending upon metal 

Selective, fillers do not have sharp 
cutoS 

Selective, filters do not have sharp 
cutoff 


Further information on the measurement of radiation can be 
obtained from various publications For convenience, a few refer- 
ences to such publications follow, each of which contains further 
references: 

1. Cobleatz, Stair and Hogue: A Balanced Thermocouple and Filter 
Method of Ultraviolet Badiaroetry wUh Practical Applications, Bjcs 
P aper No. 370, Bureau of Standards J. Research, Vol. 7 (Oct ) 1931. 

2. Harris, D. T.; The Technique of Ultraviolet Radiology. Blache and 
Son, Ltd , London and Glasgow, 1940, 


A unit known as the Finsett Unit has been suggested by Cob- 
lentz, in which the intensity of ultraviolet radiation might be 
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expressed This unit corresponds to 10 microwatts per square 
centimeter of homogeneous radiation of wavelength 2967 A U 
and IS designated as the erythema unit (E U ) by the Council on 
Physical Therapy Concerning the selection of this unit, the 
Council states ** 

Physiologic experiments show that for practical purposes the wave- 
length of maximum erythematogenic action may be taken as the 
emission line of homogeneous radiation of mercury vapor at 2,967 
angstroms, a wavelength present m many sources of ultraviolet radia 
tion 

This emission Ime has an crythematogemc efficiency which may 
arbitrarily be placed at 100 per cent relauve to the rest of the spectral 
erythemic response No other wavelength or group of wavelengths 
has such a high efficiency m generatmg an erythema Hence the emission 
Ime of homogenous radiauon at 2,967 angstroms is a natural standard 
for evaluating sources of heterogeneous ultraviolet radiation 
The intensity and the etyifaematogemc action of the emission Ime 
of mercury at 2 967 angstroms ate ea^ly evaluated m absolute units, 
and the eiythemal action, as well as the radiometric output, of the 
heterogenous ultraviolet radiation from various sources is readily 
correlated with this emission Ime as a standard 
From direct experiments it appears that a fifteen mmute exposure 
to a flux density of 20 microwatts per square centimeter (or a total 
of 180 000 ergs) of homogeneous radiation of wavelength 2 967 
angstroms does not produce an erythema on the average untanned 
skin though it may be somewhat too mtense for a blond skin 
The Council has adopted 10 microwatts per square centimeter of 
homogeneous radiation of wavelength 2 967 angstroms as the ery 
themal unit (E U ) of dosage mtensity that is, 1 E U =10 micro- 
watts per square centimeter of radiation of wavelength 2 967 ang 
stroms Twice this value (20 microwatts or 2 £ U ) is the minimum 
mtensity for an exposure of fifteen minutes 
With 20 microwatts per square centimeter (2 E U ) of homogeneous 
radiation of wavelength 2 967 angstroms as a standard of comparison 
m the accompanying tafife are given the erythematogenic equivalents 

"Council on Physical Therapy A.MA. Apparatus accepted 1942 pages 
59 60 
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of the heterogeneous (the total integrated) ultraviolet radiation of 
wavelengths shorter than and including 3,132 angstroms required of 
various sources to produce a mim m un) perceptible erythema on the 
average untanned skin m fifteen minutes For an exposure of sixty 
mmutes the mmirnum permissible values for sunlamps are one fourth 
as large That is to say, the total energy of unit intensity (20 micro 
watts per square centimeter) fallmg on a surface m fifteen mmutes 
is the same as when one fourth the intensity (S microwatts per square 
centimeter) is used and the surface irradiated sixty minutes, or four 
times as long. From this table U may be noticed that the lower the 
erythematogemc effiaency of the soiuce, relative to the standard line 
at 2,967 angstroms the greater must be the total ultraviolet intensity 
of wavelengths shorter than and including 3,132 angstroms m order 
to meet the Coimcil s requirements 

The table referred to in the preceding quotation follows 

Efythemitogenic Intensities of Beterogeneous Vltrawltt Radustion from 
Vanous Sources Equivalent to 20 Microwatts Per Square Centimeter of 
Homogeneous Radiation of Wavelength 2fi67 Angstroms, Required 
to Produce a Minimum Perceptible Erythema 

Microwatts 


Per Square 

Source Ceotuneter 


Homogeneous radiation of wavelength 2 967 angstroms only (iner 
cury vapor arc) 20 

Sun roidday nudsummer midlatitude sea level 91 

Carbon arc blue flame cored carbon in reflector no window 48 

Carbon arc glass window opaque to 2 800 angstroms and shorter 
(estimated) 90 

Mercury arc Mazda type S-1 lamp, high temperature arc in 
parallel with C shaped tungsten filament in glass bulb 83 

^fe^cury Arc Mazda type S 2 lamp sunilar to the S 1 lamp 
but smaller in glass bulb 93 

Mercuiy arc quartz capdlaiy type S-4 in glass bulb 80 

Mercury arc type G-5 low temperature low voltage thermionic 
glow discharge glass bulb 103 

Mercury arc high temperature high vapor pressure low voltage, 
quartz tube 58 

Mercury arc low temperature low vapor pressure high voltage 
cold quartz Geissler tube discharge 36 
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From the foregoing table, one might erroneously conclude that 
the so called ‘ cold quartz” lansp, the source which requires the 
least intensity to produce a imnimal perceptible erythema as 
determined by Coblentz should be the most effective source of 
radiation for ultraviolet therapy As we have already pointed out 
in our discussion of the production of erythema, Seitz has shown 
that the relative erythemogenic efficiency of radiation of wave 
length 2500 AU and 3000 AU will depend on the degree of 
erythema to be produced Evidently the Council on Physical 
Therapy recognizes the possibility of misinterpretation, and 
therefore states in the publication just referred to in discussing 
the “cold quartz lamp, that ‘ the erythematogemc efficiency of 
this type of lamp is high but that fact is not necessarily a criterion 
of its suitability for therapeutic purposes ” 

According to Coblentz ‘ The erythemogenic efficiency of this 
type of lamp is high, but as shown m Chart 7 [of Coblentz 
article] practically all the erythema! effect is produced by the 
line at 2537 angstroms For this reason the question has arisen 
whether this type of ultraviolet radiation should be used for 
general body irradiation or whether its application should be con 
fined to special conditions ’ 

A consideration of the spectral action curves given in the sum 
mary of biologic effects of ultraviolet radiation together with 
the discussion, will convince one of the limited field of usefulness 
of a source of this type Such a lamp is effective chiefly as a bac 
tericidal agent and then only if the bacteria are accessible 

It IS our opinion that the erythemal unit as defined by the 
Council m terms of energy units, is impractical from the view 
point of the clinician and may lead the uncritical reader to gross 
misinterpretation Furthermore the measurement m microwatts 
of the output of radiation in a selected spectral band requires 
apparatus not available to users of ultraviolet radiation for thera 
peutic purposes We believe that a simple determination of the 
exposure time required at various distances to produce a percept 
ible erythema 24 hours after exposure, will provide sufficient and 

" Coblentz W W Sources of Ultiaviolel and Infrared Radiation Used 
in Therapy JAMA 103 2S4 (July 28) 1934 
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adequate information on which to base a safe and effective technic 
of irradiation. 

If a simple, relatively inexpensive device for measuring ultra- 
violet radiation of the desired therapeutic band were available, 
the operator would be enabled to administer a measured quantity 
of radiant energy, permitting duplication of treatment. Further- 
more, such a meter would permit the determination of the amount 
of energy required to produce the various therapeutic effects. 

Possibly the lack of agreement among clinical workers as to the 
effects produced by ultraviolet radiation is due to the fact that 
unmeasured quantities of radiation have been used. It is known 
that the irradiation of ergosterol with ultraviolet will activate it, 
but that after maximal vitamin D potency has been reached, 
further irradiation will destroy the vitamin D and produce some 
other product of a toxic nature. WTiether or not the desired 
therapeutic effect is obtained may depend on the dosage ad- 
mmistered. Bakwin and Bakwin** showed that in the irradiation 
with ultraviolet rays of infants with tetany there is an optimal 
range of dosage, above which and below which the rate of rise 
in the serum calcium is slowed. 

But since a meter suitable for use by clinicians is not yet 
available, reliance must be on visual observance of the erythema 
and the technic of irradiation established accordingly. 

According to the Council, an ultraviolet lamp is classiffed as 
a therapeutic unit if its intensity b such that a minimum per- 
ceptible erythema may be obtained in fifteen minutes at a distance 
of 24 inches from reflector edge to patient. A lamp which requires 
IS minutes to produce an initial erythema would, however, re- 
quire an inconveniently long exposure time to produce an ery- 
thema on that patient after he had received a series of exposures. 
A fuUy satUfajctory laxop for ultraviolet therapy should be capable 
of producing a minimum perceptible erythema on the untanned 
skin of an average patient in 2 minutes at 40 inches, skin-tube 
distance. Such a lamp would not require inconveniently long 
exposure times for subsequent irradiations of the patient. 

“Bakwin, H, Bakwm, R. M : The Dosage of Ultraviolet Radiation in 
Infants with Tetany J AMA , 95 6 396 (Aug ) 1930 
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For any particular lamp, the intensity of the radiation will be 
decreased as the distance between the lamp and the patient is 
increased Under the Inverse Square Law, page IS9, the effect 
of increasmg the irradiation distance upon the intensity of the 
radiation was fully discussed Furthermore, if the radiation is 
directed obliquely upon the patient, the intensity incident on the 
skin surface will be decreased The radiant energy impmging 
per unit area upon the patient will decrease as the angle between 
the beam and the surface decreases, the intensity being greatest 
when the angle is 90°, or when the radiation stnkes the surface 
perpendicularly As has already been demonstrated, the intensity 
for an angle of 0° deviation of the incident beam from the 
perpendicular, will be equal to the maximum intensity — which is 
the intensity when the beam is perpendicular to the surface — 
multiplied by the cosine of the angle 0° 

The intensity of the radiation from a carbon arc lamp with 
given carbon electrodes, will depend upon the wattage consumed 
in the arc In order that a carbon arc emit radiation of constant 
intensity, constant arc voltage and current must be mamtamed 
As the arc burns, the distance between the electrodes increases 
with consequent change m arc wattage Even with an automatic 
mechanism to maintain approximately constant spacing between 
electrodes, there will be considerable fluctuation in the intensity 
of the emitted radiation 

With the modern type of alternating current hot quartz mer 
cury vapor arc, a reactance transformer is employed Approxi 
mately 3 minutes after starting the arc, the voltage over the arc 
reaches a stable value, assuring practically constant intensity of 
ultraviolet output 

2 Sensitivity of Patient While the erythema resulting from 
exposure to ultraviolet radiation is by no means the most im 
portant biologic effect of ultraviolet, it serves as an indicator 
of skin tolerance Knowing the erythemal reaction of a patient 
will prevent over exposure and bummg of the patient Further 
more, as has already been pomted out, the production of an 
erythema by the radiation from a lamp shows that the emitted 
radiation is capable of producing biologic effects 

The time of exposure that is required to produce an erythema 
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on average untanned skin is a measure of the intensity of the 
radiation. 

The exposure time required to produce an erythema will vary 
from patient to patient, and may, indeed, vary from day to day 
for an individual patient. Persons -with fair skin and light hair 
are more sensitive than swarthy persons with dark hair. It has 
also been alleged that individuals with light colored eyes, regard- 
less of color of hair, are more sensitive than those with dark 
colored eyes. The very young and the very old, according to 
Krusen, are also highly sensitive to idtraviolet, undoubtedly due 
to the thinness of their skin. Coblentz'® observes that the un- 
tanned, moist skin requires an exposure of only about one-half to 
two-thirds as long as does dry skin for the production of a 
minimal perceptible erythema. 

Another factor influencing the sensitivity of a patient is recent 
exposure to either artihcial or natural ultraviolet radiation Such 
patients are less sensitive. On the other hand, certain foods may 
in certain individuals enhance the response of the patient. 

Drugs, such as sulphanilamide, may render a patient hyper- 
sensitive Any substance which acts as a photosensitizer will 
bring about such an effect. Among such substances are eosin, 
quinine, methylene blue, and mercurochrome. 

It is important, therefore, that the senstUvtty of a patient be 
determined before a course of treatment is instituted. This can be 
done as follows; 

A tolerance gauge such as that illustrated in Fig 89 is placed 
along the transverse processes of either side of the middotsal 
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Fio S9 Tolerance guage /or iillraviolet erythema test 


* Coblenti, W W . Ultraviolet Radiation Useful for Tberapeuljc Puiposes. 
Handbook of Physical Therapy. American Medical Association, Chicago, 1932. 
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spine. This area is less variable in skin response than most parts 
of the body. Such a gauge consists of a strip of material, opaque 
to ultraviolet radiation, in which there are a series of 8 to 10 
holes, ^ to ^ inch in diameter. The source of radiation to be 
used is placed at the treatment distance above the uncovered 
openings of the gauge. The lamp should be so positioned that the 
radiation will strike the exposed skin surfaces perpendicularly. 
Starting at one end, the aperluics are successively closed at time- 
intervals of 15 seconds After 12 to 24 hours, the skin is ex- 
amined, and the degree of erythema of each exposed area of skm 
noted. The degrees of erythema obtained will be those corre- 
sponding to exposures of IS seconds, 30 seconds, 4S seconds, 60 
seconds, etc. The erythemal respionse of the patient’s skin to 
these exposures determines the time of exposure to produce a 
given erythemal reaction on that patient with the lamp tested, 
and at the distance employed in the test. 

3. Time oj Exposure. If one is assured of the absence of an 
abnormal sensitivity to ultraviolet radiation, the exposure time 
may be estimated for that patient on the basis of whether he is 
of light, medium, or dark complexion. To facilitate such a pro- 
cedure, the time required by the lamps employed in the clinic 
to produce a minimal perceptible erythema on light, medium, and 
dark complexioned individuals at a standard irradiation distance 
should be determined A lamp should be standardized every 3 
months, and the data recorded on a card attached to the lamp 
The data should be presented as follows: 


LAMP NO IRRADIATION DISTANCE. 


Date 

Average Tune for Minimal Erythema Dose (MED) 

Light 

Medium 

Dark 
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4. Degrees of Erylhemal Dosage. The degrees of erythemal 
dosage are: 

a. 'Sub-erythemal dose (S.E.D.),* no reddening of the skin. 

b. hlinimal erythemal dose (M.E D.) ; a slight degree of red- 
dening of skin without desquamation. 

c. First degree erythemal dose (I D); a slightly greater re- 
action associated with slight irritation followed by fine 
desquamation. 

d. Second degree erythemal dose (2 D) ; a more marked red- 
dening accompanied by itching and burning of the skin 
followed by free desquamation. 

e. Third degree erythema! dose (3D); a very severe reaction 
with swelling, edema, and the formation of blisters — a. de- 
structive reaction. 

Beneficial therapeutic effects may be obtained without the 
production of a severe degree of erythema. Usually a minimal 
erythema dose (M.E.D.), or a sub-erythemal dose (S E.D.), is 
administered when systemic effects are desired. However, the 
minimal erythemal dose (M.E D.) is generally preferred. 

The matter of over dosage of ultraviolet radiation is of great 
importance, especially in the treatment of children In the case 
of an adult, one can be guided by the subjective reactions of the 
patient, but in the case of a child one must rely upon objective 
signs of over-dosage. The following are some of the indications 
of excessive dosage of ultraviolet radiation: 

(1) Increased irritability 

(2) Disturbed sleep 

(3) Persistent loss of weight, or failure to gain weight, while 
under treatment 

(4) Digestive disturbances and loss of appetite 

B. Procedure of Irradiation 

1. General Body Irradiation. Select an irradiation distance such 
that the entire body will be irradiated; usually a distance of 30 
to 40 inches is employed. The distance chosen is one of individual 
preference. The lamp is so^jJ^ced that the radiation is evenly 
distributed over the body surface. The shutters of the lamp are 
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kept closed until the lamp burner reaches a stable operating 
condition When stable operation has been reached 3 to 10 
minutes after the arc has been established the shutters are 
opened, and the patient is irradiated for the length of time 
previously determined or estimated as sufficient to produce in his 



Fic 90 Mecbamcal interval timer 

case the desired erythemal reaction The exposure time usually 
used IS that which will administer a mimmal erythemal dose 
(SI E D ) The exposure time is measured by means of an interval 
time clock Figs 90 and 91, which is set for the time of exposure 
The clock sounds an alarm at the expiration of the time interval 
The patient is irradiated in the nude, ventrally and dorsally, with 
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a towel over the genitalia. The towel may be removed by the 
patient during the actual period of irradiation. Care must be taken 
to protect the eyes from the ultraviolet radiation. This can be 
done by means of goggles, or by covering the eyes. The use of 
goggles is objectionable because of the resulting unsightly white 



Fic 91 Aa electric interval timer. 

rings about the patient's eyes. It will suffice in the case of adults 
for them to keep their eyes dosed. In the case of non-cooperative 
patients and infants, the eyes can be protected by draping a towel 
from a coat-hanger to cover the neck of the patient, shielding the 
entire head from the radiation Fig 92. 

Subsequent irradiations are at intervals oi two to three days. 
The exposure time of subsequent treatments should not be In- 
creased until this time is insufficient to produce the desired 
erythema reaction. At that time the exposure time is usually 
increased to a multiple of the initial closure time. For example, 
if 45 seconds were required iniUally to produce the desired 
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erythemal reaction, then when that exposure fails to elicit the 
response desired, the time of exposure is increased to 90 seconds, 
keeping, of course the irradi'*Uon distance the same 
A senes of treatments consists of 15 irradiations Following 



Fig 92 Method of sb elding head from radiation by means 
of a towel suspended from a coat hanger 


such a senes treatment should be discontinued for at least two 
weeks before instituting a second senes should a second senes of 
treatments be necessary 

2 Regional Method The regional or local application of the 
air cooled lamp is employed to produce a relatively intense local 
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reaction. The reaction may be achieved by decreasing irradiation 
distance to approximately 15 inches, or by increasing the time of 
exposure, or by both. 

It has been found advantageous to secure second and third 
degree erythema! reactions in various skin diseases. The air- 
cooled lamp affords an excellent means for irradiating lesions 
that are quite extensive in area. Intense exposure can be directed 
to small areas by masking the surrounding skin. 

Regional applications to large areas of the body for purposes 
of coimter-irritation are readily made with the air-cooled lamp. 
Any degree of counter-irritation may be given accurately, basing 
dosage on results obtained In a tolerance test. 

3. Fractional Method. The body is divided into four areas, 
namely: area No. 1, the chest; No. 2, the back; No. 3, the legs 
(ventrally); and No. 4, the legs (dorsally). Only one area is 
irradiated at each visit. The dosage of radiation is such as to 
produce an erythemal reaction which will last for 45 hours, 
followed by desquamation of the skin. Treatments are given 
two or three times weekly and so arranged that each area has 
a rest period of nine to ten days between treatments. 

4. Progressive Method. The Progressive Technic was origin- 
ated by Dr. RolUer at Leysio, Switzerland. 

In his practice he found that some of the cases suffering 
from pulmonary tuberculosis reacted unfavorably when their en- 
tire bodies were exposed to a source of ultraviolet radiation In 
view of this fact, Dr. Rollier developed a method of irradiation 
whereby he gradually increased the tolerance of these patients 
to a degree that would permit of general exposures without the 
undesirable reactions. 

The progressive technic involves the division of the body into 
five parts, or sections; section No. 1, including the feet and 
ankles; section No. 2, the legs; section No. 3, the thighs; section 
No. 4, the abdomen; and section No. 5, the thorax. The initial 
dosage is determined by the susceptibility of the patient. The 
section or sections receiving irradiation are exposed both ven- 
trally and dorsally. In the first treatment, section No. 1 receives 
one xmit of dosage. In the second treatment, section No. 2 receives 
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one unit and section No. 1 recdves two units. In the third treat- 
ment, section No. 3 receives one unit, section No. 2 two units, 
and section No. 1 three units This progression continues until 
finally section No. 5 receives one unit, section No. 4 two units, 
section No 3 three units, section No. 2 four units, and section 
No. 1 five units. At the next treatment, sections 1 and 2 will 
receive five units; section 3, four units; section 4, three units; 
and section 5, two units. In this manner, irradiation to the various 
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Fic 93 Progressive meUtod of ultraviolet irradiation (Rollier) 


sections is progressively increased until all sections, or the entire 
body, is receiving five units at each treatment. \Vhen any section 
receives the maximum number of units, namely five, it is com- 
bined with preceding sections and these sections are irradiated 
as one Eventually all sections will be combined, and the entire 
body will be irradiated as a whole As shown in Fig 93, this 
occurs on the ninth treatment However, it may not be advisable 
to increase irradiation this rapidly. The technic must be modified 
as indicated by the patient’s reaction. 

It was found by Dr RoUier that many of his paUents who 
reacted unfavorably to general irradiation, were successfully 
treated by gradually building up the tolerance by means of the 
Progressive Method. Since then, this method has been adopted 
by various sanatoriums and clinics in the treatment of pulmonary 
tuberculosis. 
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5. Special Applications 

a. Localized Application. When intense irradiation of small, 
localized lesions is desired, the irradiation distance should be 
greatly decreased in order that a hi^ intensity of radiation be 
obtained. However, the long wavelength infrared radiation, 
emitted by the source, prevents the desired close application be- 
cause of the excessive heating of the superficial tissues. By en- 
closing the quartz burner within a water-cooled jacket and filter- 
ing the radiation through a double window of quartz, between 
which water is circulated, a source of radiation is provided which 
permits close application. The water filter absorbs the undesired 
long wavelength infrared rays while passing readily the shorter, 
penetrating infrared, the visible, and the ultraviolet. Quartz ap- 
plicators of various sizes and shapes may be used with the lamp 
for cavity irradiation, and for applying pressure during irradia- 
Uon. Such a lamp is known as a water-cooled lamp. It is claimed 
that penetration of the ultraviolet radiation is increased by sub- 
jecUng the irradiated tissue to pressure, resulting in a partial 
dehematization; but inasmuch as it is the comeum, or horny layer, 
that absorbs the ultraviolet principally, It is questionable in our 
opinion that pressure and resultant dehematization of deeper 
layers of tissue will appreciably increase penetration. 

b. Use of Coal Tar as Sensitizing Agent. In the treatment of 
psoriasis it has been recommended by Goeckerman**' ** that coal 
tar be employed as a sensitizer to ultraviolet radiation. The oint- 
ment consists of 2 grams each of crude coal tar and pulverized 
zinc oxide, mixed with 2 ounces each of corn starch and petro- 
latum It is applied to lesions for twenty-four hours, and then 
lightly removed with olive oil, leaving a thin film covering the 
lesions. Irradiation with ultraviolet from a hot quartz mercury 
vapor arc is administered at a distance of 30 inches for one 
minute, the time being increased (feily by increments of one 

"Goeckerman, W. H.; The TreaJment of Pjoriasis Northwest Medicine 
24.229-231 (May) 1925. 

" Goeckerman, W. H,: Tar and UlUanolet Radiation in the Treatment of 
Psoriasis. Bnt. J. Physical Med 7:215 (March) 1933. 
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minute for 3 or 4 days After each irradiation, the patient bathes 
with soap and water or with oatmeal and soda After bathing, 
another application of ointment is made which is permitted to 
remain until the next irradiation If a reaction is not obtained, 
the irradiation time is increased or the distance is decreased until 
the desired reaction is secured It is stated that all patches of 
psoriasis should be capable of being removed in three to four 
weeks Marked erythemal reaction is to be avoided, but tanning 
should be produced 

General irradiation of the entire body, twice weekly, is said 
to be of distinct value as an adjuvant to the local treatment of 
individual lesions 

According to 0 Leary*’ approximately 12 per cent of psoriatic 
patients have arthritis of one type or another, either chronic 
infectious senescent, or psoriatic arthritis In this latter group, he 
found the treatment to be successful, not only in causing dis 
appearance of the cutaneous lesions but also m relieving joint 
pains 

0 Leary 5 treatment consists of the use of coal tar ointment 
(2 to 4 per cent) ultraviolet radiation, oatmeal baths, and auto 
hemotherapy On the first day in the hospital all the patches of 
psoriasis are covered thickly with the ointment, which is left on 
overnight The following morning it is removed ivith a light weight 
mineral oil but care should be taken to leave a thin film of the 
oil on the skin The reason for this is not known but experience 
has shown that it is essential At the first treatment radiation is 
applied for one minute at a 30 inch distance after dividing the 
skin surface into six areas The lime of exposure is mcreased 
and the distance decreased each day in order to maintain the skin 
in a state of mild erythema It is advisable to keep the reaction 
from the ultraviolet radiation below the point of bUsteemg 
although in certain cases this is difficult to do when one is 
endeavoring to produce erythema in a large, indurated plaque 

After irradiation the patient spends half an hour to two hours in 
an oatmeal bath or in a tub of water kept at approximately 95° F 
This procedure loosens the scales and allows the patient to remove 

" 0 Leary Paul A A Method of Treating Psoriasis Canad M A J 48 
34 1943 
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Fig 9S a s nglc ultraviolet lamp installed for s multaneous 
irrad ftbon of two pat ents 


ously Such an installation however is not economical for the 
uiadiation of a few patients Considerable electrical power is re 
quired of the order of 5 000 watts and an efficient ventilating 
means must be provided to carry away the fumes of the lamp 
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With such precautions, the installation can be used satisfactorily 
for the irradiation of large numbers. 

The quartz mercury vapor arc lamp can be used singly or in 
multiples, depending upon the number of patients to be irradi- 
ated simultaneously. In Fig 95 is shown the use of a single lamp 
for the irradiation of two patients at the same time. Similarly, 
an installation of four lamps can be arranged to irradiate eight 
patients simultaneously. A definite advantage of this type of 
solarium is the possibility of using any number of the lamps 
depending upon the number of patients it is desired to irradiate. 

An ingenious method for group irradiation has been devised 
that is particularly adapted to the prophylactic irradiation of stu- 
dents, miners, and others whose working conditions prevent ade- 
quate exposure to solar ultraviolet radiation. In Fig 96 is shown 
such an installation, designed especially for the irradiation of 
miners. After their shower, the miners walk a distance of 16 
feet between guard rails, one of which supports a flexible belt 
which moves at the rate of 16 feet per minute. The belt is 
equipped with suitable markers at intervals of 4 feet. Each man 
takes hold of the belt at one of the marked points, and walks 
at the speed determined by the bdt travel. 

The lamps are permanently mounted, and spaced alternately 
at 4-foot intervals on both sides of the lane travelled by the men 
The reflectors are adjusted to direct the radiation horizontally 
The result is a fairly uniform distribution of radiation throughout 
the 16-foot length. 

For reflectors of different distribution, the spacing of lamps, 
their mounting height above the Boor, and the distance between 
the lamps and the center of the lane would, of course, be different 

In the installation just described, a subject during his travel 
through the lane would be subjected to a total quantity of radia- 
tion comparable to that administered to produce a minimal 
erythema. This arrangement for group irradiation will irradiate 
four subjects per minute, or 240 per hour. 

C. Contra-indications. Ultraviolet radiation is a useful thera- 
peutic agent, but its use is contraindicated in certain conditions. 
Its effective use must be guided by a thorough appreciation of its 
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SECTION A-A‘ 

mmrThJ! a» prophylactic irradiation of larse 

S. ocr^i, ’^5““'“ ^tallation la capable of irradiating over 200 indiv.d 
oala pec hone (Booker Hill and SuHrvan Mmiog Company KeUogg Idaho) 
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possible untoward effects. According to Krusen/* the following 
conditions are contraindications to the use of ultraviolet radiation: 

1. Progressive exudative forms of pulmonary tuberculosis in- 
volving adrenal glands. Certain types of tuberculous tracheo- 
bronchial adenitis in which there may be a febrile reaction, 
loss of weight and fall in blood pressure following irradiation. 

2. Hyperthyroidism 

3. Diabetes 

4. Highly nervous individuals 

5. Advanced cachexia or inanition 

6. Aged persons having acute nephritis or myocarditis 

7. Acute forms of generalized dermatitis 

8. Photogenic diseases of the skin such as pellagra, lupus 
erythematosis, hydroae-aestivale and xeroderma pigmen- 
tosum. 

9. Hyperglycemia 

10. Severe chronic nephritis 

Of particular importance Is the photosensitizing effect of the 
sulpha drugs, as already pointed out* Such drugs may give rise 
to severe reactions Before irradiating a patient, ascertain what 
drugs are being administered, or have recently been administered. 

D. Prescription. When referring a patient for ultraviolet ther- 
apy, the referring physician should provide the technician with a 
prescription outlining the treatment to be administered The fol- 
lowing information and directions should be provided; 

1. Source. Mercury quartz, or carbon arc with designation of 
type of carbon electrodes to be used 

2. Irradiation Distance. 30 inches; 36 inches; or 40 inches 

3. Erythemal Dose. Suberythemal (SE.D ); minimal erythe- 
mal (MED); first degree (1 D.); second degree (2 D.); 
or third degree (3 D.). 

4. Teckmc of Irradiation^ General body irradiation; re©onal; 
fractional; or progressive. 

5. Frequency oj Irradiation Times per week. 

6. Total number oj Irradiations. Specify. 

7. Rest Period Between Series of Irradiations. Specify. 

8. Special Instructions. Use of coal tar ointment, etc. 

“Krusen, F H.' Physical Idcdicine. W. B. Saunders Co, Philadelphia, 
1941. 
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EXPERIMENT 1 

The Trattsmtsston of Ultraviolet Through Wtndow Glass 
Object 

To demonstrate that ordinary window glass iS opaque to radia 
tion which produces an erythema 

Theory 

Ordinary window glass filters out radiation shorter than 3100 
AU , page 258 The radiation which produces an erythema and 
pigmentation is of shorter wavelength than this, page 270 There 
fore, radiation passing through window glass will be incapable 
of producing an erythema and the various other biologic effects 
produced by radiation of wavelength shorter thad 3100 A U , page 
284 

Apparatus 

1 A source of ultraviolet light such as a hot quartz mercury 
vapor arc lamp 

2 A 4 by 4 inch piece of ordinary window glass 
Procedure 

1 Place the window glass on the flexor surface of the forearm 
and expose it to a source of ullraviDlet radiation Place the 
lamp at 30 inches, a distance ordmarily used in clinical prac 
tice Let the exposure time be that which will produce an 
MED on the uncovered skin This will vary from 30 sec 
ends to 1 minute according to the efficiency of the lamp and 
the sensitivity of the patient 

2 Expose the unprotected flexor surface of the other forearm 
to the ultraviolet radiation, using the same irradiation dis 
tance and the same exposure tune 

'bservattons 

Fill m the information called for m the following table The 

itent period is the time elapsing between irradiation and the ap 
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pearance of the erythema, which may vary from 6 to 24 hours, 
depending upon the spectral distribution of the radiation employed 
in the test. The spectral distribution of the radiation from a hot 
quartz mercury vapor arc is such that the latent period for this 
type of lamp is approximately 6 to 8 hours 



Gfass Filtered Radiation 

Unfiltered Radiation 

Type of lamp 



Arc V\ alts 



Time of Exposure 



Stun Buroer Distance 



Immediate Efiect 



Latest Penod 



Degree of Erythema 



Ouratios of Erythema 



Effect Succeeding Erythema 




Conclusion: 

Ordinary window glass is opaque to ultraviolet radiation which 
produces an erythema 

Discussion: 

In the experiment it was demonstrated that window glass does 
not transmit ultraviolet radiation of those wavelengths capable 
of producing an erythema Such wavelengths are less than 3100 
AU, Fig 85, page 272. From Fig 87, page 282, it is seen 
that the other established effects of ultraviolet also require radia- 
tion of wavelength less than 3200 A U. Therefore, radiation fil- 
tered by window glass will be incapable of producing any of the 
established biologic effects of ultraviolet radiation 
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EXPERIMENT 2 


Determination of the Erythema Time at Various Distances 
From an Ultraviolet Lamp 


Object' 

To determine the exposure time required to secure the same 
degree of erythema at various irradiation distances. 

Theory: 

The intensity of radiation from a point source varies inversely 
as the square of the distance Therefore, to secure the same reac- 
tion if the distance between such a source and the subject is in- 
creased, it will be necessary to increase the time of exposure as 
the square of the ratio of the distances — that is, if the distance 
is doubled, the time of exposure must be increased four-fold 

In the case of a lamp equipped with a reflector and having a 
source of radiation which is not a point source, this relationship 
will not of course strictly apply However, an approximate esti- 
mate of the exposure time at various distances can be obtained 
by applying the inverse square law. In this experiment the ex- 
insure time required for a given erylhemal reaction at different 
^radiation distances will be experimentally determined Assuming 
the experimentally determined erythemal time for 30 inches, the 
erythemal time for other distances will then be computed on the 
basis of the inverse square law The per cent error due to the 
use of the inverse square law in computing exposure time will then 
be computed 

Apparatus: 

1. A source of ultraviolet radiation 

2 A skin tolerance gauge 

Procedure: 

1. Place a tolerance gauge on the area to be irradiated, shield- 
ing all other exposed sUn surfaces from the radiation by 
means of a sheet. Close all the apertures Position the lamp 
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for an irradiation distance of 30 inches. Close the shutters 
and turn on the lamp After the lamp has reached stable 
operation, open the shutters. Then open aperture No. 8 of 
tolerance gauge After IS seconds open aperture No. 7, 
leaving aperture No 8 open. At the end of another IS sec* 
ondsopenNo 6 Continue this procedure until aperture No. 
1 has been exposed for 15 seconds The shutters of the lamp 
are then closed. A series of exposures will have been obtained, 
starting at 15 seconds and increasing by increments of 15 
seconds. Aperture No 1 corresponds to an exposure of 15 
seconds. No 2 to 30 seconds, etc , to No. 8, which corre- 
sponds to an exposure of 2 minutes. When the resulting 
erythemas have reached their maximum intensity, sometime 
during the 24 hours following irradiation, select the exposure 
time that gave a minimal erythemal dose (M.E.D.). 

2. Then irradiate in a similar manner another skin area of 
simflac sensitivity, using an irradiation distance of 40 inches, 

3. Kepeat for an irradiation distance of 50 inches. 

4. Record data obtained in a table similar to that in»the next 
paragraph and perform the indicated computations. 

Observations and Computations: 


pbtance 

Exposure Tune for MED 


Ezpecunenhxt 

Tune 

Computed Time, 
Assuming Inverse 
Square LavApplies* 

Per Cent Error 

30 inches 

0 5 mu 

0 5 min (Assumed] 

0 

40 

1 0 

0 9 

10 

SO 

1 ?5 

1.4 

20 


/d\* 

in whiclid Is the new Irradiation distance 
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EXPERIMENT 3 

Variation tn Erythemal Response oj Different Subjects 
Object 

To demonstrate that individuals differ in their erythemal re 
sponse to ultraviolet radiation 

Theory 

It has been observed that differences m skin color cause varia 
tions in erythemal response to radiation It is generally agreed 
that blondes react more markedly than do brunettes for a given 
exposure furthermore that blondes tend to burn without marked 
pigmentation while brunettes rarely burn but respond with deep 
pigmentation 

As pointed out in the text page 276 the thickness of the 
corium will have an influence on the response of an individual to 
ultraviolet radiation the individual with a thick horny layer being 
less sensitive than one with a thin corium Also sensitivity may 
be altered by drugs and foods In the administration of ultraviolet 
radiation consideration must be taken of all these factors In this 
experiment tests will be conducted to determine the influence of 
skin color alone on sensitivity Should however data be obtained 
which deviate markedly from the general rule that blondes are 
more sensitive than brunettes an attempt should be made to 
ascertain the reason for such deviation Observe the color of the 
eyes of the subject as well as the color of his skm Ascertain 
whether the subject has been sensitized to radiation by certain 
drugs or by certain foods Ascertain his age and whether the sub 
ject has a thin sensitive skin Careful performance of this test 
and thorough analysis of the results will provide one with practical 
information on which to base exposure time for ultraviolet irradia 
tion 

Apparatus 

1 A source of ultraviolet radiation 

2 A tolerance gauge 
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Procedure: 

1. Select an irradiation distance commonly used in clinical prac- 
tice, for example, 30 indies. 

2. Expose the trunk of eadi subject to ultraviolet radiation, 
using a tolerance gauge such as that described in Experiment 
2. Make exposure increment IS seconds. Observe the de- 
velopment of erythema during the 24 hours following irradia- 
tion. When the erythema reaction has reached its maximum, 
ascertain by inspection the exposure time required to give 
a minimal erythemal dose (M.E D.) in the case of each 
subject Three subjects should be used; a brunette, a blonde, 
and one of medium coloring 

Observations: 


Record your observations in the following table. 


Subject 



Blonde 

miiHiHB 


Medium 



Brunette 
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SECTION ONE ELEMENTARY ALTERNATING CURRENT 
CIRCUIT THEORY 

The high frequency electric currents used in medicine and sur- 
gery are alternating currents having frequencies greater than those 
frequencies which elicit a neuromuscular response The purpose 
of their employment is to generate heat within tissues When the 
application is such that visible destruction of tissue results, the 
application is surgical Sudi application as produces no visible 
destruction has been considered medical. However, the applica- 
tion should be considered medical only when the heat generated 
in the tissues promotes their physiological well-being Between 
the temperatures which are not destructive from either a physio- 
logical or morphological viewpoint and those which are visibly 
destructive, there is a range of temperatures which are definitely 
deleterious to the proper functioning of tissues, although even after 
prolonged maintenance no visible destruction may be observable. 
Such functional impairment of tissue will be manifested by an 
aggravation of pain, an increase In edema, and the appearance of 
various other symptoms of over-beating Obviously it is important 
to consider the technic to be employed in the treatment of various 
conditions and to adapt the technic as regards the method of ap- 
plication, the intensity and duration of treatment, and the fre- 
quency with which treatments are to be administered, so that such 
untoward effects will be obviated In order that one may intelli- 
gently administer high frequency currents, individualizing each 
treatment technic to the pathological condition present, a knowl- 
edge of the fundamental physical laws governing the generation 
of alternating currents and the various factors influencing the 
flow of such currents through various circuits, and particularly 
through electrolytes, is necessary Therefore, this section will be 
devoted to a consideration of such fundamental principles of alter- 
nating current phenomena as in our opinion will impart to the 
student the fimdamental laws and concepts on which the technic 
of shortwave diathermy should be based Before considering alter- 
nating currents of high frequency, a brief consideratio n of alter- 
315 
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nating current circuit theory in general will be undertaken. 

Generation of a Sinusoidal Alternating Current The 
generation of electricity can be demonstrated by thrusting a per- 
manent magnet into a coil, the terminals of which are connected 
to a voltmeter of suitable range with zero point at the center of the 
scale. As the magnet is thrust into the coil, the meter deflects in 
one direction; and when it is withdrawn, the meter deflects in the 
opposite direction It will be observed that the amplitude of the 
deflection depends upon the speed with which the magnet is thrust 
into the coil or withdrawn from it, the greater the speed, the 
greater will be the deflection When the magnet is kept stationary, 
no deflection occurs Obviously, the generation of voltage is asso- 
ciated with the motion of the magnet. 

Lines of magnetic force may be considered leaving the north 
pole of the magnet, spreading out into space, and returning at the 
south pole The distribution of these lines of magnetic force can 
be visualized by placing a piece of paper over a permanent magnet, 
sprinkling Iron filings over the paper, and tapping the paper gently 
The iron filings will arrange themselves along the lines of mag- 
netic force If blueprint paper is used, exposed to light for the 
necessary length of time after the iron filings have arranged them- 
selves, and then developed, a permanent record of the lines of 
magnetic force of a magnet can be obtained. 

When the magnet is thrust into the coil, these magnetic lines of 
force cut the turns of the coil, inducing therein an electromotive 
force, which produces a deflection of the voltmeter On with- 
drawing the magnet, the lines will again cut the turns of the coil, 
inducing an electromotive but of opposite polarity, since now the 
lines of force are cutting the turns of the coil in the opposite direc- 
tion We arrive at the conclusion that an electromotive force is 
generated whenever a conductor b cut by lines of magnetic force 
— the rate at which the cutting takes place determining the mag- 
nitude of the voltage, and the direction of cutting the direction in 
which the resulting current will flow It has been determined that 
an electromotive force of 1 volt will be induced if a conductor 
cuts magnetic lines at the rate of 100,000,000 lines per second 
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The same voltage obviously would be induced whichever is kept 
stationary while the other is moved — the cod or the magnet 
The phenomena just described are applied in the design and 
construction of generators of electric current Fig 97 represents 
a simple type of generator. As the coil rotates in the magnetic 
field which exists between the two poles of the generator, an elec- 
tromotive force is induced in the coil, the voltage at any instant 
being the rate at which the coil is cutting lines of magnetic force 



Fig 97 Simple altematmg current generator With the plane of the coil 
at right angles to (he magnetic fiuz as indicated m the figure, the induced 
emf u zero But as the coil continues to rotate m the direction indicated, an 
emf Will be induced, its instantaneous \alue gradually increasing as the angular 
displacement of the plane of the coil increases, reaching a mazimum when the 
angular displacement is 90’ As the displacement increases from 90’ to 180’, 
the instantaneous value decreases, becoming zero when the angular displace 
meat becomes 180’ Curing this time the current will flow in the direction indi- 
cated by the arrow beads A similar variation in the magnitude of the induced 
emf will occur during the second half revolution, but the direction of the 
resulting current flow will be reversed Ooe complete revolution will produce 
one complete cycle of emf 

at that instant ^Vhen the coil is in the position shown in Fig 97, 
the voltage is obviously zero, since at this instant the motion of 
the sides of the coil is parallel to the lines of magnetic force and 
consequently no lines are being cut, and hence no voltage is being 
induced When at right angles to this position, the coil is cutting 
lines at the greatest rate, and the voltage being induced at this 
instant is a maximum When the coil has rotated 180°, or n 
radians,* from this position, the coil will again be cutting lines at 
• Radian Measurement of Angles A umt of angular measurement widely 
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the maximum rate and the induced electromotive force will again 
be a maximum The polarity of the induced voltage, however, will 



Fig 9S Schematic diagram sbonmg relation betrveen position of rotating 
coil and induced emf The instantaneous value of the induced emf (e) equals 
the sine of the angle of displacement (sin 0) limes the maximum value of the 
induced emf (£u) or in symbols 

e * Em sin t 

The voltage follows a definite mathematical law the stne law and hence is 
known as a stnusotdal voltage 


employed is the radian The radian is the central angle of a circle which 
subtends an arc of that circle equal m length to the radius of the circle 
Therefore the number of radians m an angle can be found by describing 
a circle of any convenient radius about the vertex of the angle as a center 
measunng the length of the arc intercepted by the sides of the angle and 
dividing this length by the radius of the circle In a circle therefore the 
number of radians equals the circumference divided by the radius or 


Therefore 


2ir X radius 
radius 


2ir radians 


1 rad 




i radian = 57 3" 
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be reversed For intermediate positions of the coil between that 
for zero electromotive force and that for maximum electromotive 
force, only a certain component of the tangential motion of the 
coil will be at right angles to the magnetic field and hence effective 
in generating a voltage in the coil. From Fig. 98 it can be readily 
deduced that this component is proportional to the sine of the 
angle of displacement measured from P or the zero position. If B 
equals the number of magnetic lines per square centimeter, and V 
the tangential velocity of the side of the coil in centimeters per 
second, the number of lines cut p>er second by each cm of the side of 
the coil is equal to B X V X sine 6, 0 being the angle of displace- 
ment. The product (V sine 0) represents the component of V that is 
perpendicular to the magnetic field and hence effective in generating 
an electromotive force. The maximum rate of cutting occurs when 0 
is 90® or n/2 radians, or when the tangential velocity is perpen- 
dicular to the field. At this instant the rate of cutting equals BV. 
If the corresponding induced emf is £v, then the emf induced at 
any instant is 

e » Em sin 6 

The voltage Induced in the coil has been shown to be alternating 
and to follow a definite mathematical law — the Sine Law. Hence 
the induced voltage is designated a sinusoidal alternating voltage. 
The quantitative relationships given in the succeeding paragraphs 
are based on the assumption that the alternating currents and 
voltages dealt with follow the sine law and are therefore true 
sinusoidal variations. 

By the use of a commutator instead of slip rings, as the current 
collectors of an alternating current generator are called, the gen- 
erated voltage can be rectified. The sine wave of voltage generated 
by the rotation of a coil in a magnetic field will be delivered to the 
brushes on the commutator as a pulsating unidirectional electro- 
motive force. If the number of coils and correspondingly the num- 
ber of commutator bars are increased, the voltage delivered to the 
brushes and load will more closely approach a constant value, 
the ripple, as the variation from a constant value is termed, de- 
creasing as the number of coils and commutator bars increases. 

Frequency. Each revolution of the coil will generate a complete 
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cycle If 60 complete cycles of current variation are to be de- 
livered per second, the coil would have to rotate at the speed of 
60 revolutions per second, or 3600 revolutions per minute For a 
four pole generator, the speed would be 1800 revolutions per min- 
ute To obtain higher frequencies corresponding increase must 
be made m the angular speed of the coil The frequency of an 
alternating current is the number of times the current passes 
through a complete cycle of forward and backward motion during 
a unit of time If the unit of time is the second, the frequency is 
expressed in cycles per second 

Effective Value of a Sinusoidal Alternating Current or Voltage 
The instantaneous value of a sinusoidal alternating current vanes 
continuously throughout the cycle The average value over a com- 
plete cycle is zero Therefore, some other value of the current 
wave must be used as a measure of the intensity of the current 
It has been found convenient for the purpose of measurement and 
computation to choose as a measure of the intensity of the alter- 
nating current that instantaneous value of the current which is 
equivalent in heating value to a continuous current of the same 
magnitude The symbol for the eKective value, as this value is 
termed, is I, whereas that for the instantaneous value is t, and that 
for the maximum or peak value of the alternating current wave 
is Im The effective value can be shown to be equal to 70 7 per cent 
of the maximum value In symbols 

I = — Im = 0 707 Im 
2 

The effective value of an alternating voltage is also equal to 
70 7 per cent of the maximum value of the voltage wave In 
symbols 

V2 

E = — Em = 0 707 £«• 

2 

* Effective Value In Fig 99 Curve t represents a sinusoidal alternating 
current flowing through a resistance of R ohms The product of the mstan 
taneous current squared and the resistance (i* R) will give the instantaneous 
power Computing the instantaneous power over the cycle and plotting these 
values, Curve p, which represents power absorption throughout the cycle, is 
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Average Value of a Stnusotdal Alternating Current or Voltage 
As already pointed out, the average value of a complete cycle is 
zero The average value of a half cycle can be shown to be 63 6 
per cent of the maximum value This average value is used at 
times In symbols 

Iav = 0 636 Iv and Eav = 0 636 Em 

Ohm’s Law tor the Aeternatikg Current Circuit Let us 

consider a coil, having an ohmic resistance of 20 ohms, on which a 


obtained Note that during the negative phase of the current cycle power is 
still absorbed in the resistance From a mathematical viewpoint the in 
stantaneous power dunng this phase should be positive since the square of 
the negative current will gi\c a product with a positive algebraic sign From 
a physical vnewpoint power should be dissipated m the resistance during the 



Fic 99 Curve showmg instantaneous value of power absorbed by a non 
mductive resistance throughout a complete cycle of sinusoidal alternating 
current flowing through the resistance The average power is P»t/2 Pm being 
Tnanmum or peak value of the power curve The instantaneous values of the 
power curve are obtained by squanng the instantaneous values of the current 
and multiplymg by the resistance ie 

p = i*R 

The power absorption is that which would take place if a direct current of 
v’alue I were flowing This value is called the effective value of the altemabng 
current and is equal to 70 7 per cent of the maximum or peak value of the 
current. 
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direct current voltage of 100 volts is impressed The current that 
will flow IS obviously 100 volts divided by 20 ohms or 5 amperes 
If we now apply an alternating current having an effective voltage 
of 100 volts, the resulting effective current will not be S amperes 
but a value that may be much less than 5 amperes It is evident 
that the coil exerts a greater opposition to the flow of an alternat- 
ing current than to a direct current Since there has been no 
change in the number of turns of the coil, the diameter of the coil, 
nor in the size or material of the conductor, the increased oppo- 
sition of the coil to the flow of an alternating current must be due 
to the alternating character of the impressed voltage 

Let us now consider a direct current voltage impressed on a 
circuit containing a condenser, which consists of parallel con- 
ductive surfaces separated by an insulator Current will flow for a 
very short period of time or until the condenser has been fully 
charged this point has been reached, no further flow will 

negative phase of the current as well as during the positive phase, for power 
IS dissipated whenever a current fiows through a resistance irrespective of 
the direction in which the current flows through the resistance, assuming of 
course that the resistance remains constant in value regardless of the direction 
of current flow This is the type of non inductive resistance assumed in this 
discussion of the effective value of an altemalmg cunent 
The product of a sine wave by another sine wave will he a sine wave Each 
half of a sine wave is symmetrii^ about the ordinates at 90° and 270° which 
represent the maximum amplitude of (be wave, positive and negative respec 
lively Therefore, if a horizontal line is drawn bisecting the maximum value 
of the power curve, those areas included under the power curve and above 
this line will fill perfectly (hose lemainiag spaces under the horizontal line 
and above the horizontal axis which arc not included under the power curve 
The total electrical energy absorbed by the resistance during one cycle is 
equal to the average power absorbed dunng the cycle multiplied by the time 
required foi the current to pass through a complete cycle of values The 
average power is equal to the area lo terms of watts times seconds under 
the power curve over one c>cle divided by the time of one cycle, or is equal 
to the altitude of a rectangle havmg as a base the time of I cycle and an 
area equal to the area under the power curve for one cycle Obviously from 
Fig 99 and tiif- jiisrvsxaa, av siJirjiaf wreis 

power curve for 1 cycle is equal to tlmt in waU seconds of a rectangle having 
^ an altitude equal to yi the maximum or peak value of the power curve and 
^ a base equal to the time of one cycle, or 1// seconds / being the frequency 
^ of the current in cycles per second The energy absorbed per cycle is then 
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occur unless the voltage is rdsed Should the impressed voltage 
be increased, current will again flow until the condenser is charged 
to the potential of the impressed voltage and then again cease to 
flow. Obviously direct current will not flow continuously through a 
condenser Let us now impress aft alternating electromotive force 
on the condenser circuit, which has an effective voltage equal to 
the voltage of the direct current previously impressed on the 
condenser ^Vhe^eas no steady current flowed when a direct cur- 
rent voltage was impressed, a steady alternating current will be 
found to flow when the alternating voltage is impressed A con- 
denser, therefore, permits the flow of a steady alternating current 
but does not permit the flow of a steady direct current As in the 
case of the coil, the change in opposition to the flow of current is 
due to the alternating character of the impressed voltage 
The total opposition exerted by a circuit to the flow of an alter- 
nating current is called the impedance of the circuit The magni- 
tude of the impedance will depend on the electrical characteristics 
of the circuit, in some cases being equal to the resistance to the 
flow of a direct current but usually greater than the direct current 
resistance The frequency of the impressed alternating voltage 
will affect the value of the impedance, increasing it in certain types 


^ i. ± 

2 / *“ 2 / 

From Ihe deliniCioii of tie effective value of an altemaCmgr current, 

1 I«*R I 

WRy-— - 

\shence ./j 


In a similar manner. 


The effective values of an alternating current and voltage may also be 
defined as those values of the voltage and current which when multiplied 
together give the average power bang absorbed m the non inductive resistance 
upon which the voltage wave is considered impressed 
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of circuits and decreasing it m others Hence some modification 
m Ohm’s Law as applied to direct current circuits must be made 
before this law can be applied to an alternating current circuit 
Before such modification can be made, however, a careful anal 





Fic 100 Schematic represeatatioa of tbe magaetic field about a straight 
conductor carrying a current The closed arrow head indicates the direction 
of current flow in the conductor and the open arrow beads the direction of 
the magnetic field — its direction being the d rection m which a umt north 
magnetic pole would move if placed in the field It is also the direction m 
wh ch the north seekmg pole of a compass needle would point if placed in 
the field as is indicated by the two compass needles one above and one 
below the conductor which have theu north seeking halves shaded. 

ysis must be made of what electrical phenomena take place m 
various types of circuits on impressing an alternating voltage In 
the following paragraphs the flow of alternating current through 
different types of basic circuit elements such as condensers coils 
and pure resistances will be considered, and also the influence of 
frequency on the opposition these basic circuit elements oppose to 
the flow of alternatmg current 

Inductance and Inductive Reactance ^Vhen an electric current 
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flows through a conductor, a magnetic field is set up around that 
conductor. The existence of the magnetic field can be demon- 
strated by means of a magnetic compass. In Fig. 100 an electric 
current is fio^ving in the conductor in the direction indicated by 
the arrow. If a compass is placed over the conductor, its north- 
seeking pole will be deflected as indicated. If placed under the 
conductor, the compass needle will be deflected in the opposite 
direction. From this simple experiment it can be deduced that 
closed magnetic lines surround the conductor. If a hypothetical 
magnetic pole of unit strength (a unit magnetic pole) were placed 
in this field, it would rotate about the conductor in a definite di- 
rection. If the current is reversed, the direction of rotation of the 
unit magnetic pole would also reverse. 

The existence of the lines of magnetic force about a conductor 
carrying a current can also be readlly'demonstrated by sprinkling 
iron filings on a cardboard through which the conductor passes at 
right angles. On tapping the cardboard, the iron filings will ar- 
range themselves along the lines of magnetic force. By using blue- 
print paper a permanent record of the magnetic field can be ob- 
tained. Sufficient current must be employed to obtain best results 
in this experiment. 

The direction of these lines of magnetic force, i e. the direction 
in which a unit positive or north magnetic pole would move, can 
be determined by considering your right hand placed around the 
conductor with fingers closed and thumb extended in the direction 
of current flow. The fingers will then indicate the direction of the 
lines of magnetic force. Another rule for determining the direction 
of the magnetic field is to consider a right-handed screw rotated 
in such a direction that it would advance in the direction of the 
current flow. 'The direction of rotation of the screw will then be 
the direction of the magnetic field about the conductor. 

1/ a conductor is wound fnfo a coil, the magnetic held set up by 
a current flowing through it will be 'such that a north pole is 
produced at one end of the coil and a south pole at the other. The 
end at which the north pole is established can be ascertained by 
placing your right hand around the coil with the fingers pointing 
in the direction in which the current is flowing in the turns mak- 
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mg up the coil and extending the thumb along the coil The direc 
tion m which the thumb extends will indicate the end of the coil 
at which the north pole is established The position of the north 
pole can also be determined by imagining a right handed screw 
placed in the end of the coil and considering it being rotated in 
the direction in which the current is flowing through the turns of 
the coil The direction of travel of the screw will then indicate the 
direction of the magnetic field The north pole is therefore at that 
end of the coil towards which the rotating screw advances 

In our study of direct currents we have seen that when a steady 
current is flowing through an electric circuit, a certain definite 
voltage is required to maintain the flow of this current The re 
quired electrical pressure depends the resistance of the cit 
cult and upon the work to be done by the current So far, we have 
been concerned only with steady currents Nothing has been said 
about the force required to start or to stop the flow of current 
That such force is different from that to mamtam a steady flow 
may be surmised from the analogous mechanical case of setting 
into motion or bringing to rest a material body such as, for ex 
ample a flywheel In dealing with alternating currents, we are 
dealing with varying magnitudes and directions of current flow 
Hence the electrical forces required for the maintenance of a 
steady flow of alternating current in a circuit will conceivably be 
different in general from those required to maintain a steady flow 
of direct current through that arcuit Let us now consider what 
takes place as the magnitude and direction of a current flowing 
through a coil changes, and what effect such changes in current 
flow will have on the effective voltage required to maintain a given 
effective flow of current 

In Fig 101 are two coils, one within the other Let A, the mner 
coil, be connected to a battery through a double pole switch S 
The other coil B is connected to a voltmeter with its zero point at 
the center of its scale On closing the switch a current will rush 
through the winding of coil A, the primary cod of the arrange 
ment The voltmeter will indicate a momentary flow of current in 
cod B , the secondary cod This current dies out rapidly If the 
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switch is now suddenly opened, interrupting the flow of current 
in the primary coil A, the voltmeter will again indicate a momen- 
tary flow of current in the secondary coil B, but in the opposite 
direction. The momentary currents flowing in the secondary coil 
on making and breaking the primary circuit are induced currents, 
for there are no electrical connections between the coils. The elec- 
tromotive forces tending to cause these momentary currents to 



Fic 101 Arrangement of apparatus to demonstrate mutual induction A 
and B are tvo cods, one wtlhm the otberand electneady insuhted from each 
other, E IS a battery, S, a double-pole switch, and V, a voltmeter 


flow are induced electromotive forces, and the tViO electric circuits 
are said to possess the properly of Mutual Inductance Obviously, 
a change of current flow in either will give rise to an induced emf 
in the other. Note that the direction of the current induced in the 
secondary winding was opposite to the current in the primary 
coil A on making the circuit, but in the same direction when the 
circuit was broken In both cases, the induced current tended to 
oppose the change taking place in the primary current As the 
current flowing in the primary increases, a magnetic field is grad- 
ually set up with the north pole at the near end of the coil as 
indicated in Fig 102. This magnetic field, during its establish- 
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ment, induces an emf in the secondary winding causing a current 
to flow which sets up a magnetic field opposing that which the 
primary current is establishing. When the current has reached a 
steady value and the magnetic field is no longer increasing, no 
cutting of the turns of the secondary coil by the lines of magnetic 
force takes place and the current in the secondary falls to zero. 
So long as the current remains constant, no opposing effect is 
exerted by the secondary. But as soon as the primary circuit is 
broken, the magnetic field collapses, cutting the turns of the 
secondary coil in a direction opposite to that in which the lines of 



Fic 103 Schematic representation of Ibe mai^etic field set up about 
a coil through which a current is flowing 


magnetic force cut the turns during the establishing of the field. 
Consequently the momentary induced secondary current will be 
in an opposite direction to that Induced during the making of the 
primary circuit. The magnetic field of the secondary will now be 
additive with respect to the magnetic field of the primary. Thus 
the induced current always tends to prevent a change in the pri- 
mary current. This reaction of the circuit is due to the inductance 
of the circuit and is comparable to inertia in the case of mechani- 
cal motion In view of the fact that a change in the current of 
either of the two coils induces a current in the other coil which 
tends to oppose the change, the two coils are said to have mutual 
inductance All of these phenomena are merely manifestations of 
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a law, first stated by Lenz, and called Lenz*5 Law. Stated briefly, 
this law is: An induced current is always in such a direction that 
its field opposes any change in the existing field. 

Let us now consider a simple coil. We might assume that the 
coil has a resistance of 10 ohms and that the voltage impressed 
on it is 100 volts By means of an appropriate current recorder it 
will'be observed that the current does not immediately rise to its 
final steady value of 10 amperes The rapidity with which it rises 
is a function of the number of turns in the coil For a coil of many 
turns, a greater time is required If the coil is wound on an iron 
core, still greater time is required, possibly as much as a second 
elapses before the steady stale is reached Obviously the presence 
of a magnetic material such as iron enhances the delaying effect 
on the build-up of the current 

The reason for the retardation of current flow is the inductance 
of the coil. As the current flows through the first turn of the coil, 
a magnetic field is set up During its establishment, the lines of 
magnetic force cut the succeeding turns of the coil, Inducing an 
emf which opposes the establishment of the field If the core of the 
coil is of iron, the intensity of the field being established is greater, 
and consequently the emf induced is greater. This counter, or 
opposing, emf retards the establishment of the final steady cur- 
rent. Similarly when the circmt is opened, the Self Inductance of 
the circuit, as this property of a coil is called, tends to keep the 
current flowing This is achieved by the collapsing magnetic field 
inducing an emf to cause a current to flow in the same (firection 
as that which established the field 

During the growth of current in a coil there exists a counter 
emf as already explained In order that the phenomena taking 
place might be better comprehended, let us compute what the 
counter emf is at various times during the growth of a current If 
E is the impressed emf, e the counter emf induced in the coil by 
the growing current, and R the resistance of 'the coil, the current t 
at any instant is 
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A coil having a resistance of 11 ohms is wound on an iron core. 
In series with the coil is connected an ammeter A voltage of 110 
volts is applied to the circuit. In the following table the current 
flow at various times after the switch was closed is given. Also in 
this table are given the counter emf's at these various instants 
When the current increases at its greatest rate, the induced eraf 
is greatest; as the rate of increase of current decreases, the in- 
duced emf decreases When the current reaches its final steady 
value, 10 amperes, the counter emf is zero (Example taken from 
Elements of Electricity by Timbie Published by John Wiley and 
Sons, New York ) 


Time 

Current 

Counter EMF 

0 sec 

Oarap 

no 0 volts 

I 

4 2 

d3 8 

2 

6 6 

37 4 

3 

8 0 

22 0 

4 

90 

11 0 

5 

9 3 

7 7 

6 

9 6 

4 4 

7 

9 8 

2 2 

S 

9 9 

1 1 

9 

10 0 

0 

1 0 

10 0 

0 


The unit of inductance is the henry, which is the inductance of 
a circuit when a change of one ampere per second sets up an in- 
duced emf of one volt The symbol for inductance is the letter L * 

Let us now consider an alternating voltage impressed on a coil. 

• The equations for the self inductance of a coil are 
a With tron core. 

I 26NV A 
“ lOV 
or 

1(W 

Where L = self inductance in heniys 
N = number of turns 
11 = magnetic penneabihty of core 
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Since the impressed voltage is continuously changing in magni- 
tude, the current flowing in the coil will never reach a final constant 
v’alue. We have seen that whenever the current flowing through a 
coil having inductance changes, a counter emf is induced in the 
coil. Obviously, therefore, there is a counter emf being continu- 
ously induced in the coil if an alternating emf is impressed upon 
it. This induced voltage will tend to oppose any change in current 
flow. Consequently, the impedance of the coil to the flow of an 
alternating current will be greater than that to the flow of a direct 
current. The impedance exerted by a coil due to its inductance 
is called its inductive reactance, and is represented by the letter 
X with an L as a subscript (Xi,). The mathematical equation 
giving the inductive reactance of a coil in terms of the self in- 
ductance of the coil and the frequency of the alternating current is 
Xi,s=:2n f L, in which L is the seU inductance of the coil in 
henrys and / the frequency of the current in cycles per second. 
The inductive reactance Xt, will be in ohms.* 


A ^ section area of core in sq cms 
I « length of core in cms 
f * diameter of cere id cms 
b With air core 

If the coil is a solenoid with a mean radius r, and a length (, with an air 
core (n = 1), the equation for self inductance may be written 

4»»NV» 

lOV 

The mutual inductance of two coils wound on the same core and with approxi- 
mately the same diameter is; 


Where M = mutual inductance in henrys 
Kt = turns on one coil 
N* = turns on the other cod 
r ~ radius m cms of loner colL 

* According to the definition of the henry, a change of one ampere per 
second induces an emf of one volt in a circuit having an inductance of one 
henry We may then write the foUowing equation* 
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Fig 103 Cun«nt impressed emf aod induced emf of a pure inductive cir 
cult The cuTieul lags 90* behind Ibt iroptessed voltage 


In Fig 103 curve t represents the instantaneous values of the 
sinusoidal alternating current flowing in a coil, curve e', the 
instantaneous values of the induced or counter emf, and curve e 
the instantaneous values of the impressed emf requited to over 
come the induced emf You will note that the current reaches its 
maximum value 90 degrees later than does the impressed emf 
Hence the current flowing in a coil is said to be a lagging current 
The influence of resistance in the coil on the angle of lag of the 
current behind the voltage will be discussed in a later paragraph 


Average induced voltage = self inductance X rate of change of current, 
or 10 symbols 

AvE = Li 

Tberefore if the current is cbanguig at the rate of S amperes per second 
in a circuit having a self mduttance of 2 henrys, the average induced emf 
will be 2 X S, or 10 volts 

In the case of an alternating cunent, the current changes 4 times per cycle 
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Capacitance and Capactttve Reactance It was discovered at 
Leyden that a device consisting of parallel conductive plates 
separated by an insulator, possesses the ability of storing elec 
tnaty On impressing a constant emf on such a device a current 
will flow momentarily As soon as the condenser, as such a device 
IS called, is fully charged to the potential impressed upon it, the 


from zero to maximum from tnaxiroum to zero from zero to a maximum 
iQ tbe o^os te direction and from this maximum to zero If the number 
of cycles per second is / the time for one cyde is 1// seconds Therefore the 
time for each change is the time for each cycle or 1/(4/) seconds The 
rate of change of current must then be L* divided by 1/(4/) or 4 / lu amperes 
per second The expression I// must equal A fltt Hence Av E 4 / L lie The 
average value of the ^Itage is 0 636 times Ex the maximum value Therefore 
0 636 Eit s 4 /LIk or £k = 6 2S /LIk. Since 6 28 equals 2t£x = 2'</LlM 
Let us now multiply both sides of this equatioa by 0 707 obtaining 
0 707 Ex = (2 k / L) X 0 707 lu 
Since 0 707 Ex = E.m and 0 707 lx s= !.« we have 
£*(( 2 k / L l*tt 

The impressed voltage must be equal m magnitude to the induced voltage in 
order that current may flow The current that flows through such a circuit will 
be opposed by the inductive reactance assuming tbe coil to haNe no ohmic 
resistance Therefore 


But 

Hence 



E- 2«/U 
2>fU 
Xl 

XL = Zir/L 


Example 1 A coil consists of 250 turns having a mean radius of 10 cm and a 
length of 20 cm. What is the self inductance of the coil If the core is of air? 
Solution 


5^ X 25 0X 25^XJOj<W . 00123 

2P¥ 10*XZ(i 

Example 2 11 a 60-cycle altcmafing voltage of 110 volts effective is un 
pressed on this co 1 what current will flow? 

Solution 

Xl =• 2r/L= Z»- X 60X00123 4 54 ohms 

L(f =• •« 23 7 amperes 

Xl 4 64 ^ 
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charging current ceases to flow The charging of a condenser 
may be likened to the displacement of a rubber diaphragm in a 
hydraulic system On appl 3 nng pressure to such a diaphragm the 
diaphragm is displaced until it exerts a counter pressure equal to 
the pressure impressed upon it If now the pressure is removed, 
the diaphragm will return to its original position In a manner 
analagous to this, a condenser may be charged and discharged 
The discharge does not take place m the case of a condenser, 
however, unless an electncally conductive path for the flow of 
current is provided, extending from one plate to the other This 
conductor may be ionized gas, an electrolytic solution, or a metal 
he conductor 

We have likened inductance to inertia in a mechanical system 
Capacitance, or the ability of a condenser to store electricity, 
may be likened to elastialy in a mechanical system The smu 
lanty between electrical capaatance and mechanical elasticity 
IS easily understood from the hydraulic analogy used in the pre 
ceding paragraph to explain the action of a condenser 

Inductance makes its presence known when the current 
changes, capacitance when the voltage changes The capacitance 
of a condenser is expressed in terms of the quantity of electricity 
It will hold per volt of applied electrical pressure The quantity 
of electricity is expressed in coulombs, one coulomb being the 
quantity of electricity represented by one ampere flowing for one 
second When a condenser holds one coulomb of electnaty for 
every volt pressure across its terminals, the condenser is said to 
have a capacitance of 1 farad Stated another way, a condenser 
has a capacitance of one farad when the addition of one coulomb 
raises its voltage one volt Expressed m symbols 


C (farads) = 


Q (coulombs)* 
E (volts) 


• It can be readily shown that the greater the area of the plates of a con 
denser the greater its capacitance, and the greater the distance between the 
plates the lower Its capacitance Thismaybeexpressedalgebraicallyas follows 
C = KA/(4rd) where C is capacitance in statfarads A the inside area of 
plates d the distance between plates and K a constant depending upon the m 
sulating material between the plates This constant is called the dteleclnc eon 
slant of the insulating matenal 

The dielectrics or insulating media between the plates of condensers do not 
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Capacitance m an electric arcuit acts like an air chamber in 
a pump circuit It tends to oppose any pressure change and hence 
reacts to maintain the pressure constant As long as the voltage 
impressed on a condenser is nsing;, current will flow into the 
condenser. And the flow of current will be greatest when the 


ah ba^e the same djclectric power In the following table are given the dieleclnc 
constants of \anous materials (From Scientific Encyclopedtc, published by 
D Van Nostrand Co Inc New York, 1938 ) 


DIELECTRIC CONSTANTS OF VARIOUS MATERIALS 


Material 

K 

Air 

1000 

Alcohol 

234 

Gbsa (fimt) 

99 

Linseed Oil 

33 

hUa 

57 

Paraffin 

21 

Rubber 

22 

Water 

81 1 


The capacitance of a plate condenser can be computed from the general 
equation 

KA _ 885AS 
” 4rrf X 9 X 10* ” I0*V ’ 


where C = capacitance in microfarads (I farad 1000 000 microfarads), 
abbreviated p/, 

A = area of all dielectnc between jJatcs in sq cms , 
d = average thickness of dielectnc m cms 
K = dielectric constant 

Example 1 What is the capacitance of a condenser consisting of 200 plates of 
lead foQ, if the dielectnc separating the plates is mica 0 1 mm. in thickness 
and 10 cms hy 15 cms in area? 

Solution 


885 X 200 X 10 X 15 X 5 7 
10‘*X001 


1.5 — microfarads 


Example 2 TVbat charge will condenser in Example I hold under a pressure 
of 220 volts? 

Solution 


Charge 


C (farad^ = 


Q (coulombs) 
E Tvoi^ 


1 5 


Q=CXE 


1,000,000 


X 220 = 33 X ItH coulombs or 330 nucrocoulombs 
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voltage IS rising most rapidly A sinusoidal voltage is rising most 
rapidly when it passes throu^ zero value Hence, the flow of 
current into the condenser will be a maximum at this point 
When the voltage reaches its maximum value, the rate at which 
the voltage changes is zero and hence the current flow wih be 
zero As the voltage decreases, current will flow out from the 
condenser, becoming a maximum when the voltage passes through 



Fia 10-4 Current and impressed emf of a pure capacitive circuit The 
current leads the impressed voltage by 90“ 


zero value Then as the sinusoidal voltage becomes negative, the 
rate of change of voltage becomes less and less until a maximum 
negative voltage is reached At this point the rate of change of 
voltage is again zero and the current flow from the condenser 
becomes zero As the voltage begins to rise from this value, cur 
rent will again flow into the condenser, becoming a maximum 
when the voltage reaches the zero value, which is the time the 
rate of change of voltage is greatest Thus we have completed a 
complete cycle of charging and discharging the condenser It is 
evident from this discussion that the current reaches a maximum 
before the voltage does In Fig 104 is shown the phase relation 
ship between an alternating voltage impressed on a condenser and 
the resulting current flow It is readily seen that the current leads 
the voltage by 90 electrical degrees 
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If an alternating current ammeter is connected in series with a 
condenser and an alternating emf is impressed on the circuit, 
the ammeter will indicate a steady alternating current flow. If 
the voltage is increased but its frequency is kept constant, the 
current flow will increase m direct proportion to the impressed 
voltage If the condenser is a perfect condenser with no power 
loss in the dielectric, the only impedance exerted by it to the flow 
of an alternating current is the capacitive reactance of the con- 
denser, as the opposition the condenser offers to the flow of an 
alternating current is called The current-voltage relation in such 
a circuit is expressed by the following equation* 


or in symbols 


Current *= 


voltage 

capacitiie reactance 


I 


E 


In using this equation, as in using the equation showing the 
relation between current and voltage in a coil having inductance, 
corresponding values of the current and voltage must be used; 
the maximum value of the current with the maximum value of the 
voltage, or the effective current with the effective voltage. 

If the impressed voltage is kept constant but its frequency 
is varied, it wiii be fouad that the current increases as the 
frequency increases Therefore, as the frequency increases the 
capacitive reactance must decrease This is in contra-distinction to 
the inductive reactance of a coil which increases with increase in 
frequency. It can be shown that the capacitive reactance of a 
condenser in ohms is equal to l/2n/C, in which C is the capaci- 
tance of the condenser m farads and / the frequency of the current 
in cycles per second.* 


* Capaaltie Reactance !□ a aicuit containing a capacitance such as a 
condenser, the current charges and discharges the condenser four times per 
cycle. The current first charges the coodenser positively; then discharges the 
condenser, charges it negatively, and then discharges it The cycle then re- 
peats and continues to repeat as long as an alternating emf is impressed on the 
circuit 

The time for each complete charge or discharge is 1/(4/) seconds The quan- 
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Impedance All electric circuits have ohmic resistance When an 
alternating electromotive force is impressed o» a circuit, the op- 
position to the flow of current will be made up of this resistance 
plus the reactance that may or may not be present The reactance, 


tity of charge m the condenser in coulombs is Q ~ E C F being the voltage to 
wluch the condenser is charged and C the capacitance of the condenser in 
farads 

However the quantity of electnoty that flows into a condenser like the 
quantity of water that flows into a tank must be equal t-O the average rate of 
flow tunes the time of flow 
Hence 

Q«AvlXr«*AvIX~ 

V 

Sut since 


EuC 


Q-E-C 


Av I 

4/ 


and Ek 


Av 1 

4/C 


We have shown that for a sinusoidal alternating current 


Therefore 


£u 


0636 Im 


U 


ht 


E.H- 


2tfC 


4/C 6 28/C 2«/C 

The voltage requited to send a current through a circuit that contains ta 
pacitive reactance only is 

E,ff “ X(J>rr 

Where 

Xc ~ cspaativc reactance 

Therefore 

U ^ 1 


XcI.H- 


2wfC 


2wfC 


Example J What is the capacitive reactance of an alter^eting current circuit 
containing 20 microfarads capaatance if the frequency of the applied emf is 
60 cycles per second? 

Solulwn 


^ “ 2ii/C “ 6 28 X 60 > 


— = 115 7 ohms 


Example 2 What current will 350 volts effective force through the circuit in 
Example 1? 

Solution 


Elf ■= 


E.1I 550 
Xo “ 113 7 


4 &3 amperes 
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as has been shoTvn, may be either that due to inductance or that 
due to capacitance, or that due to both, if both inductance and 
capacitance are present in the drcult. The total impedance, how- 
ever, cannot be determined by simple addition of the resistance 
and the reactance We have already seen that reactance alone in 
a circuit causes current to lead or lag behind the voltage 90“, 
depending respectively on whether the reactance is capacitive or 
inductive. 

Let us consider a series circuit consisting of an ohmic resistance 
R, an inductive reactance Xt, and a capacitive reactance Xc Let 
the effective current be 1. This current will flow through each of 
these three circuit elements, since the elements are connected in 
series 

In Fig 105 the line with the closed arrow head represents to 
scale the current 1 The voltage required to overcome the ohmic 
resistance is IR This voltage and (be current are in phase. There- 
fore, the line designated IR and having a length that is propor- 
tional to the value of IR, Is drawn to coincide with the current 
vector.* The voltage to overcome the inductive reactance equals 
IXt and leads the current by 90®, or, what amounts to the same 
thing, the current I lags 90® behind the voltage Therefore, a 
vector representing the voltage IXl is drawn beginning at the 
extremity of the vector IR and making a positive angle of 90° 

• Vecior and Scalar Quantities By the term vector is meant a straight line 
whose length is proportional (o the magnitude of the quantity to be repre- 
sented and whose direction is the direction in which the quantity is acting 
Quantities represented by vectors are velocity, force, distance, etc. — such 
quantities as have not only magnitude but also direction Therefore, a velocity 
of 20 miles pec hour due east, a force of 10 pounds acting on a body at 30° 
with respect to the horuontal plane along which the body moves or on which 
the body rests, a displacement of the body a distance of 10 feet along the 
horizontal plane, are examples of vector quantities 

If a quantity has only magnitude bat no direction of action, it is known as a 
scalar quantity and can be repiesenled by a line whose length is proportional 
to the magnitude of the quantity but whose direcbon is immaterial Such 
quantities as energy and power, to ate two examples, are scalar quantities 

la alternating current problems, vectom are us^ extensively, for, as has 
been shown, phase differences occur between voltages and currents To repre- 
sent the magnitudes and the phase differences of such quantities vectors are 
employed. 
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With respect to the current vector I The voltage drop over the 
capacitive reactance equals IXc, and this voltage lags behind the 
current Beginning at the extremity of the vector IXl, a vector is 



Fic 105 Vector diagram of a series circuit The vector El ^the drop over 
the inductive reactance) makes an angle of 90® with the current vector I 
because this voltage leads the current by 90® Since the voltage drop over 
the capacitive reactance Ec lags 90® behind the current the vector represent 
mg Ec IS drawn to make an angle of — 90® with the current vector I The 
resistance drop is in phase with the current and hence £> is drawn parallel 
to the vector I The total impressed em! is E or the vector drawn from 
initial point of the vector E» Jo the lennmal point of the vector Ec The 
angle 0 made by the vector E with the current vector I is the angle of phase 
difference between the impressed voltage and the current In this case 9 
IS negative showing that the voU^e lags b^md the current or what amounts 
to the same thing the current leads the voltage The resultant effect of the 
inductance and capacitance to the aremt is that of a capacitance 

drawn making a negative angle of 90'^ with respect to the current 
A hne drawn from the origin of the resistance drop vector to the 
extremity of the vector representing the voltage drop over the 
capacitive reactance wUI rqsresent the total voltage impressed 
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on the drcuitj jts length, the magnitude of the voltage, and the 
angle between it and the current vector the phase difference be- 
tween the total impressed voltage and the current. In Fig, 105 
the effect of the capacitive reactance is shown as sufficiently great 
to cause the voltage to lag behind the current, or the current to 
lead the voltage. 



Fio 103 Kesiitance, reacUnce, and loipedaDce diagram of a series circuit 

If each of the vectors making up the closed diagram in Fig 105 
is divided by the same quantity, I, a similar diagram will be ob- 
tained. Fig. 106. The straight lines forming this diagram will 
represent to scale R, Xl, Xc, and Z — the last or closing line of 
the diagram representing the total impedance obtained by dividing 
the impressed voltage by the current, 

Referring to Fig. 106, it is seen that the resultant reactance X 
of the circuit equals Xt — Xo If Xc is greater than Xl, the sign 
of the resultant reactance X will be negative, indicating that the 
resultant reactance is a capacitive reactance. From the diagram 
we can write the following equation: 

Z* = R* + X* 
or 
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X * Xt - Xc, 


Z « VR* + (Xl - XoV 


Xt *= irJL and Xc = 


2ir/C 


z = /R. + (2,;L-j^yoh™. 

Example 1. A series A C circuit consists of a resistance of 4 ohms, 
an inductive reactance of S ohms, and a capacitive reactance of 
8 ohms What is the impedance of the circuit? 

Solution. 

X»Xl-Xc-S- 8»-3 ohms 
2 « V4* + (-3)* » VH -* 5 ohms 
Example 2. 'What is angle of phase difierence between the im- 
pressed voltage and the current in Example 1 ? 

Solution. 

R 4 

Cosme of angle ® 

Angle “= 36'’52' 


The current leads the voltage, since X is negative; i e, 
the total reactance is capacitive in nature. 

Ohm’s Law. We are now prepared to write Ohm’s Law for the 
alternating current circuit. 


or 


Z (Impedance in ohms) 


E (volts) 

I (amperes) 


VR* + (Xi - Xc)* 




or 
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Example 1. A series circuit consists of a resistance of 4 ohms, an 
inductance of 100 millihenrys, and a capacitance of 400 micro- 
farads. What current will flow if an alternating emf of 220 volts 
and 60 cycle frequency is impressed on the circuit? 

Solution. 

R =s 4 ohms 

Xl « = 6 28 X 60 X 100 X 10-» 

s= 37 7 — ohms 
1 1 

Xc 

2jr/C 6 28 X 60 X 400 X I0-« 

= 66 ohms 

Z « VR* + X* = ^4* + il Y* = VmTK = 44 S ohms 
E 220 

I = — = 49 amperes 

Z 44 5 

PotVER IN Alxernatinc CURRENT CIRCUITS. The powcr dis- 
sipated in a direct current circuit is equal in watts to the product 
of the current flowing through the drcult and the voltage drop 
over the circuit, or P = El. Since by Ohm’s Law I = E/R and 
E s= IR, we may also write the following eicpressions for power 
E’ 

P = I*R and P » — 

R 

In the case of a circuit in which an alternating current is flow- 
ing, the rate at which energy is absorbed vanes continuously. 
At any instant the power taken equals the product of the voltage 
at that instant and the cuncnt at that instant. The instantaneous 
power in watts, p, is therefore equal to the instantaneous voltage 
e times the instantaneous current » Knowing the voltage and the 
current and the phase difference between them, the power curve 
can be determined by multiplying corresponding instantaneous 
values of the current and voltage curves and plotting the product 
The average power is the average ordinate of the power curve 
The consideration of the average power consumed in an A C cir- 
cuit divides itself into two parts: when the voltage and current are 
m phase and when they are out of phase. 
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Current end Voltage tn Phase When an alternating voltage is 
applied to a pure resistance, the current that flows will be in 
phase with the voltage, being zero when the voltage is zero and 
3 maximum when the voltage is a maximum In Fig 107 is shown 
the voltage wave and the resulting current wave when the circuit 
consists of a non inductive resistance R We may consider the 
sinusoidal waves of voltage and current generated by two vectors 



Fro 107 Voltage current, aad power of a non inductive circuit (resistance 
only) e is the voltage > the current and p tbe power Note that at no time 
during the cycle does the poner cur\e become negative This indicates that 
power IS taken by the circuit and never relumed 


rotating about a common axis These vectors have magnitudes 
proportional to the maximum values of the voltage and current 
Since the current and voltage are in phase, the angular displace 
ment between the vectors is zero degrees That is to say, the 
vectors coincide Let us now rotate these vectors in a counter- 
clockwise direction For successive angular displacements of these 
vectors let us plot the corresponding vertical components of the 
vectors, obtaining the current and voltage curves shown in the 
Fig 107 

If we multiply corresponding instantaneous current and voltage 
values of the current and voltage curves, we shall obtain the power 
curve p It IS evident that the average of the power is Pm/ 2 , where 
Pm is the maximum value Pm however equals Em X Im Therefore 


P.r 


Pit Em X lit 

T* “ 2 


« 0 707 Em X 0 707 Im 

- n /2 V2 
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P.T - E.ff X hit 

Also 

E*i! I»ifR 

Therefore 

P« - I.fi* R. 

Current and Voltage out of Phase. I-et us now consider a circuit 
in which the current and voltage are not in phase. In Fig 108 are 




Fic 108 Voltage, current, and power of an inductive circuit (le, a circuit 
having isductasce as well as resistance) The curves e, t, and p show, respec 
tively, the instantaneous voltage, the instantaneous current, and the instan- 
taneous power In this case the power curve becomes negative Dunng the 
time the curve is negative, power i$ returned to the orcuit from the magnetic 
field about the coil ui which, during the rest of the cycle, energy had been 
stored The total energy per cycle taken by (be circuit is proportional to the 
area under the power curve and above the boruontal ass, that returned per 
cycle by the circuit is proportional to the area of the negative portions of the 
power curve The difference between these areas is proportional to the net 
power absorbed by the circuit. 


plotted the current and voltage variations in a circuit possessing 
inductance as well as resistance In this circuit the resistance and 
uiducfance are such that the current lags 0 degrees behind the 
voltage. 

Proceeding as before, we determine the power curve p. It is 
seen that during certain periods the instantaneous power is nega- 
tive. During these periods, power is not being consumed by the 
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circuit, but IS being returned to it from the magnetic field in which 
energy has been stored If no ohmic resistance had been present 
m the circuit, as much power would be returned as had been 
stored m the magnetic field For that reason, an inductive re- 
actance is frequently employed to bmit and control the flow of 
alternating current through lamps and other devices, mstead of 
using a resistor which would consume appreciable power A re 



Fic 109 Vector diagram of effective current and effective 
voltage of circuit of Fig 108 


actance for this purpose consists essentially of a coil with a move- 
able laminated iron core The position of the core determines the 
self inductance of the coil and consequently the reactance the cod 
opposes to the flow of an aUernating current Therefore, by vary 
mg the position of the core the flow of current throu^ lamps or 
other devices connected in senes with the cod can be varied 
without the dissipation of excessive power in the current control 
In Fig 109 IS a vector diagram of the effective current and 
effective voltage of the circuit The phase difference between the 
voltage and current is 6 degrees with the current lagging The 
vectors therefore are drawn with an angle of Q degrees between 
them The vector E is drawn horizontally and the vector I m a 
direction making an angle of minus 9 degrees with respect to the 
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voltage vector, minus 6 degrees because the current lags behind 
the voltage. 

The current vector I may be considered to be composed of two 
components: one, Ir, which is in phase with the voltage; and the 
other, Ix, which is 90° out of phase with the voltage 

We have already seen that power is required only to maintain 
the current which is in phase with the voltage and that no power is 
consumed when the current is 90 degrees out of phase with the 
voltage. Therefore, the average power consumed in the circuit 
under consideration is equal in watts to the product of the effec- 
tive voltage and the component of the total effective current which 
is in phase with the voltage This particular component is ob- 
viously the projection of the current vector upon the voltage 
vector. From the definition of the cosine of an angle, this com- 
ponent is readily seen to be equal to I cos 0, 1 without a subscript 
being the effective value of ^e total current The average con- 
sumption of power by the arcuit is then P4»«EI cos 0. 

The term cos 0 is called the power Jactor of the circuit; and 
the product El is called the apparent power of the circuit. Only 
when 6 is aero and the cosine 6 unity, is the apparent power equal 
to the actual power This is the case when the circuit contains 
only resistance and no reactance Under certain conditions a cir- 
cuit containing both inductance and capacitance In series with 
a resistance may have a unity power factor; this occurs when the 
inductive reactance equals the capacitive reactance. These two 
quantities have already been shown to act 180° out of phase with 
respect to each other, the one tending to neutralize the other If 
the two are numerically equal, they will cancel each other, leaving 
only resistance to oppose the flow of the current The circuit then 
behaves as a non-inductive circuit, and the current that flows will 
be in phase with the impressed voltage 

Equivalent e:g5ressions for the power taken by an alternating 
current circuit are: 

( 1 ) P = EIb, in which Ir is the energy component of the total 
current, i e , the component wMch is in phase with the voltage, 
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(2) P = EkI, in which Ea is the component of the impressed 
voltage that is in phase with the current; and 

(3) P = PR* 

Series Alternating Current Circuits. Circuit elements such 
as resistances, inductances, and capacitances may be connected 
in two different ways: in series or in parallel. Let us first consider 
the series connection of such elements 

Resistances in Series. If a number of non-inductive resistances, 
R„ R,, Rg, etc , are connected in series or in tandem, the total 
resistance R will be the arithmetical sum of the various com- 
ponent resistances. That is 

R = Ri + Rj + R» + etc. ohms 

Inductances in Series. If a number of inductances, I.j, Ls, Lg, 
etc , are connected in series, the total inductance will be the arith- 
metical sum of the component inductances. That is 
Ls>Li-M/j-hLj + etc. henrys 

Capacitances in Series If a number of capacitances, Ci, C», C*, 
etc., are connected in series, the redprocal of the total capacitance 
wiU be equal to the arithmetical sum of the reciprocals of the 
component capacitances. That is 
lilt 

— -I--— + — + etc. reciprocal farads 
C Cl Cj c$ 

Inductive Reactances in Series. If we multiply both sides of the 
equation for total inductance by 2nJ, we obtain 

Iti/L — IvfLx -f Is/Lj -p IvJLt 4- etc ohms 
The total inductive reactance of the series circuit is then equal to 
the arithmetical sum of the inductive reactances due to the com- 
ponent inductances; or 

Xl ~ Xt, -p Xt, + Xl, -p etc. ohms 

• The denvation of these ezpressiims tor power follows readily from, rela- 
tionships which have already been utabUshed 

(1) P = El cos 9 But I cos 9 = I« •' P = EU 

(2) P = El cos 9 But E cos e = E« ‘ P = EsI 

(3) P = El cos 9 But E - ZI and cos 9 = R/Z P * ZI I (R/Z) « 
PR, 
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Capacitive Reactances in Series. Let us now divide both sides 
of the equation for total capadtance by 2nf, obtaining 


1 

2rfC 


1 1 1 

{ i 1- etc. ohms 

2T/Ct 2rfCt 2 t/C, 


The total capacitive reactance of a series circuit is then equal to 
the arithmetical sum of the capadtive reactances due to the com- 
ponent capadtances; or 


Xo — Xci 4* Xc» 4“ Xc* 4" etc» ohms 
Impedance of a Series Circuit. The total impedance of a circuit 
has already been shown to be equal to the square root of the sum 
of the squares of the total resistance and the total reactance of 
the circuit. After having computed in the manner described above 
the total resistance, the total inductive reactance, and the total 
capadtive reactance of a drcuit, the total impedance can be 
readily computed by the equation 


Z » VR* + 0^ - XcV ohms 

Example, A series drcuit consists of the resistances 10 ohms, 
20 ohms, and 15 ohms; the Inductances 50 millihenrys and 100 
millihenrys; and the capadtances 50 microfarads and 100 micro- 
farads. Find: (a) the total resistance; (b) the total inductance; 
(c) the total inductive reactance if the frequency of the impressed 
voltage is 60 cycles per second; (d) the total capacitance; (e) the 
total capadtive reactance for a frequency of 60 cycles per second; 
(f) the total impedance; (g) the phase difference between the 
impressed emf and the resulting current, stating whether the 
current lags behind or leads the voltage; (h) the power factor of 
the drcuit; (i) the current flow for an impressed effective voltage 
of 220 volts, 60 cydes; (j) the apparent power; (k) the real 
f>ower; and (1) construct a vector diagram showing the current, 
the voltage drop over each drcuit element, and the total voltage, 
indicating in the diagram the angle of phase difference between 
the total impressed voltage and the current 
Solution. 

(a) Total resistance R = Ri + R» -f- R» = 10 -f- 20 -f- IS = 
45 ohms. 
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(b) Total inductance L=L»-^- 1 * 2 = SO + 100 = 150 mb^ 

or 0 15 henry 

(c) Total inductive reactance XL=2n/ L = 2n X 60 X 0 IS 

= 56 S ohms 

(d) Total capacitance C 


-^ = ^- 1 - — — teciprocal microfarads 

C Cv C, 50 100 100 

100 100 

C *= — microfarads X 10^ farads 

3 3 


(e) Total capacitive reactance 

1 3 10* 

Xf, cs. - s= — = - — = 80 5 ohms 

2x/C 2 X T X 60 X 100 X 10^ 4* 

(f) Total impedance 


Z =. \/R*“+“(Xl”-J^)“* •= v/4S» + (56 5 - 80 5? =• 51 ohms 

(g) Cosine of angle of phase difference =; R/Z = 45/SI = 
0 882 therefore 0, the an^e of phase difference is 28® The cur 
rent leads the voltage because the total capacitive reactance is 
greater than the total inductive reactance 

(h) Power factor of the circuit = cos 6=0 582 

(x) Current I =* E/Z «= 220/51 = 4 33 amperes 

(]) Apparent power EX I = 220 X 4 33 = 950 volt amperes 

(k) Rpal power P=EI cos 6=220 X 4 33 X 0 882 = 837 

watts 

(l) Vector diagram See Fig 110 

Parallel Alternating Current Circuits The second man 
ner in which circuit elements may be connected is m parallel or 
in shunt as this manner of connection is sometimes called When 
connected in parallel all the circuit elements have the same volt 
age impressed on them, the currents floiving through the various 
branches however are not necessanly the same the flow through 
each branch being determined by the impedance of that branch 
In contra distinction the current throu^ the various elements 
when connected m senes is the same but the total impressed 
voltage over the senes connection is the vector sum of the voltage 
drops over the component arcuit dements 
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Resistances in Parallel. If a number of non-inductive resist- 
ances, Ri, Rj, R«, etc., are connected in parallel or in shunt, the 
total resistance is determined in the same manner as it would be 
if the circuit were considered a parallel direct current circuit 





Fig 110 Vector diagram of a senes circuit contauimg resistance, inductive 
reactance, and capacitive reactance 


That is, the reciprocal of the total resistance equals the sum of 
the reciprocals of the resistances of the various branches Ex- 
pressed in the form of an equation, 


1111 

— 1 — H — 

R Ri R* Rj 


etc 


Inductances in Parallel Inductances connected m parallel are 
added like resistances, the reciprocal of the total inductance of 
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the parallel circuit being equal to the sum of the reciprocals of the 
inductances of the various branches. That is, 


1 

T 


£ 


+ r- 4- etc. 


Capacitances in Parallel Capacitances in parallel are added 
directly, the total capacitance being equal to the sum of the 
capacitances of the various branches That is, 


C » Cl + C* 4- Cl 4- etc. 


Conductance, Susceptance, and Admittance of a Circuit. The 
total current flowing through a circuit has two components at right 
angles to each other (» e., 90® out of phase with respect to each 
other), one, an energy component which is in phase with the 
voltage impressed on the circuit; and the other, a wattless com- 
ponent which is 90° out of phase with the voltage. 

The conductance of a circuit is defined as that quantity which, 
when multiplied by the voltage, will give the energy component of 
the current Eirpressed in the form of an equation, g E Is, in 
which g is conductance in mhos, E impressed emf in volts, and Is 
the energy component of the current. AVe have already shown that 
the energy component of the current is equal to the total current 
I multiplied by the cosine of the angle of lag or lead Expressed 
in symbols, 


But 


R R 

Ir = I cos 8 *= 1 — =* I — - - — 

z 


Therefore 


I _ ® ® 

Z Vr»“ - f- X* 


or 




R E 

■y/R^ +X* VR* + X* 


g - 


R 

R'd-X* 


mhos 


The susceptance of a circuit is ddined as that quantity which, 
when mxdtiplied by the voltage, vrill give the wattless component 
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of the current Proceeding in a simSar manner to that outlined 
above, we obtain for susceptance the expression 


X 

R*^X* 


mhos 


The admittance of a circuit is defined as that quantity which, 
when multiplied by the impressed voltage, will give the total cur- 
rent Expressed in symbols, 

yE = I 

The total current is the vector sum of its components; hence, 
V = Ir» + Ix» 


Substituting in this equation we obtain, 
CyE)* - feE)* + my 

Whence 


and 


y* »■ g* + i* 


Since 


I 


E 

"z 



Solution of a Parallel Circuit The total current taken by a 
parallel circuit is the vector sum of the currents taken by the 
various branches The current taken by each branch can be con- 
sidered as made up of a component in phase with the voltage and 
one at right angles to it Since the same voltage is impressed cn 
all the branches, the energy components of the currents of all the 
branches are in phase and so may be added directly And so may 
all the wattless components, since they are all at right angles to 
the voltage and hence are in phase or 180 ** out of phase with 
each other * Therefore, 

I* = (Iri + Ir, + Ir, *!• )* + (Ixi + Ix, + Ix, -{* )*, 

• The wattless compoaents are added al^bcaicaJJy if the wattless compo- 
nents due to inductive reactance are considered positive then those due to 
capacitive reactance, which are 180® out of phase wth the former, must be 
considered negative 
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m which lai and Ixi are respectively the energy and the wattless 
components of the current m branch I, Iri and Ixa m branch 2, etc 
Since 

I = yE, Iri = fiE, =® iiE, etc 

(yE>» = (fiE + + )* + (6iE + fijE + y 

From this we obtain the total admittance y m terms of the 
conductances and the susceptanccs of the branches, or 

y' == (^i + g] d* ft + )* + (^1 + is + ^>3 + )* 

This may be written 

y* = X* + A*. 

in which 

X = f 1 + X* + f* + » 

and 

A “ Ai + ^ + A 3 + 

Since y *= 1/Z, the impedance of the parallel circuit is 
1 1 

Z — — *s — ohms 

y Vg* + A* 

Exontple A parallel circuit consists of three branches branch 1, 
of a resistance of 3 ohms m series with an inductive reactance of 
4 ohms, branch 2, of a resistance of 4 ohms and a capacitive re 
actance of 3 ohms, branch 3, of a resistance of 4 ohms, an induc- 
tive reactance of S ohms, and a capacitive reactance of 2 ohms 
The voltage impressed on the circuit is 110 volts Find (a) the 
impedance of each branch, (b) the current taken by each branch, 
(c) the power factor of each branch, (d) the power taken by 
each branch, (e) the conductance and susceptance of each 
branch, (f) the total conductance and susceptance, (g) the ad 
mittance of the parallel arcuit, (h) the total current, ( 1 ) the 
apparent power, (j) the power factor of the parallel circuit, and 
(k) the total power 
Solution 

(a) Zi = VEi* + Xi* “ \/3* + 4* = y/2S = 5 ohms 

Z, = = V4*+(-3)» = = 5 ohms 

Z, = VR 3 * + X.* = V4* + (5 - 2)» * V 25 = 5 ohms 
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(b) 


E 110 

1} *= — = = 22 amps 

Zi 5 

E 110 

Ij = — == *= 22 amps 

, E, no 

Ij == — = = 22 amps 

Z) 5 


(c) (P F )i cos tfi 
(P F )i “ cos 0j 


(P F )j *= cos tfj 



(d) 


(e) 


(f) 


Pi » Ell cos 5i = no X 22 X 0 6 » 1452 watts 
Pt = El, cos 0, « no X 22 X 0 8 = 3936 watts 
Ps « 


Efj cos tfj ’ 

= 110 X 22 X08 = 1936 watts 

Ri 

3 3 


Ri* + Xi* 

“3* + 4*"25‘ 

= U lA lUuOS 

Xji 

4 4 

- 0 16 mhos 

Ri> + Xi* 

“3» + 4» is' 


R, 

4 

4 

— = 0 16 mhos 

25 

R,* + Xt* 

4* + (- 3)> 

X, 

- 3 

-3 

=—012 mho‘ 

25 

Ri> + X,» 

4*+(-3)* 

R, 

4 

4 

= — = 016 mhos 

25 

R,’ + X,* 

4* + (5 - 2)* 

x. 

(5-2) 

3 

= — = 0 12 mhos 

25 

R,* + X,* 

4* + (5 - 2)* 


g = gi + g, + gj = 0 12 + 0 16 + 0 16 = 0 44 mhos 
b = bi 4-b, + b, = 0 16 - 0 12 + 0 12 = 0 16 mhos 
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(g) y = 44)* + {0 16)* = 0 468 mhos 

(h) I = yE = 0 468 X 110 = SI 48 amperes 

(0 P.pp = El = 110 X 51 48 = 5662 8 volt amps 


g 0 440 

PF = 0 94 + 

y 0 468 


(k) P = El X P F = 110 X 51 48 X 0 94 « 5323 + watts 


Note The total power should be equal to the sum of the watts 
taken by the various branches The power should then equal 1452 
watts plus 1936 watts plus 1936 watts or 5324 watts This value 
agrees with that computed for the entire circuit and serves as a 
check of our computation 

Resonance in Series Circvits Under JnducUve Reactance 
and Capacitive Reactance it was shown that an inductance in a 
circuit causes a lagging current, whereas a capacitance causes a 
leading current The inductive reactance hence tends to counter- 
act the effect of a capacitive reactance Should the inductive and 
capacitive reactances be equal, the one would neutralize the other, 
making the resultant reactance of the senes circuit zero Under 
such conditions, the impedance of the circuit would consist only 
of the ohmic resistance The ohmic resistance alone then would 
limit the flow of current on impressing an emf on the circuit The 
voltage drop over the inductance would be the same as that over 
the capacitance, but might be many times the voltage impressed 
on the entire circuit In fact, the voltage drop maj become high 
enough to rupture the dielectric of the condenser 
A series circuit is said to be in resonance when its capacitive 
reactance is equal to its inductive reactance We have learned 
that the inductive reactance Xt equals 2nfL, and the capacitive 
1 

For resonance 

1 

Xl = Xc or 2rfL 

•' 2ir/C 
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Solving for j, the resonant frequency, we obtain 
1 

2»VtC 

Example. A series circuit consists of a capacitance of SO micro- 
farads, an inductance of O.IS henry, and a resistance of 6 ohms. 
The impressed voltage is 12S volts Compute for various fre- 
quencies from 20 to 100 cydes per second: (a) the capacitive 
reactance Xc; (b) the inductive reactance Xl; (c) the total re- 
actance X (equals Xl — X o); (d) the impedance Z; (e) the cur- 
rent I; (f) the voltage drop over the resistance Er (equals IR); 
(g) the voltage drop over the capacitive reactance Eo (equals 
IXc) ; and (h) the voltage drop over the inductive reactance El 
(equals IXl). Compute the resonant frequency using the equa- 
tion for this frequency which was ^ven in the foregoing para- 
graph. Then compute for the resonant frequency the various 
values requested m (a) to (h) indusive Plot Xc, Xl, X, and I 
against frequency. 

Solution In the following table the various computations called 
for in the problem are recorded In Fig 1 11 the various reactances 
and the current are plotted against frequency. 


RESOVANXE IN A SERIES CIRCUIT 
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Resonance in Parallel Circuits. A parallel circuit is said to 
be in resonance when the resultant susceptance of the circuit is 
zero. Let us consider a paralld circuit of three branches; the first, 
an ohmic resistance; the second, an inductance; and the third, a 
capacitance. The conductance of branch 1 is I/R; of branch 2, 
zero; andof branch 3, zero. The susceptance of branch I is zero; of 
branch 2, I/Xl; and of branch 3, — t/Xc The total susceptance 
equals 1/Xl~1/Xc. 

For resonance this must equal zero. Therefore, 

1 1 

=» 0 and Xt = Xc 

Xl Xc 

Substituting for Xi. and Xc, the expressions for inductive and 
capacitive reactance, we obtain 



The frequency at which the parallel circuit will be in resonance is 

2WLC 

the same frequency which will produce a condition of resonance 
in a series circuit containing the same inductance and capacitance. 

Although the resonant frequency is the same for both series 
and parallel circuits, there are the following marked differences 
between the two circuits when in the resonant condition. First, the 
voltage drop is the same over all branches of the parallel circuit 
and never exceeds the impressed voltage. Second, the total cur- 
rent taken by the parallel drcuit is a minimum at resonance, 
being zero if the total conductance of the circuit is also zero The 
current flowing in the branches, however, may be very high; and 
may, in fact, become excessively high. This circulating current 
represents an oscillation of electrical energy between the con- 
denser and the coil. If, as will be shown in subsequent paragraphs, 
there is no resistance in the circuit to dissipate eventually the 
energy originally stored in the condenser, the oscillation once 
started will continue with undimimshed amplitude forever. 



360 TECHNIC OF EtECXBOTHERAPy 

Example. A parallel circuit con^sts of three branches, the first, 
containing a resistance of 800 ohms, the second, a capacitance of 
50 microfarads; and the third, an inductance of O.IS henry. The 
voltage impressed on the circuit is 550 volts, effective A Compute 
for various frequencies, 20 to 100 cycles per second: (a) the 
capacitive reactance of branch 2, Xcj (b) the inductive reactance 
of branch 3, Xi,; (c) the current flowing through the resistance 
in branch 1, Ir, (d) the current flowing through the inductive 
reactance m branch 3, li.; (e) the current flowing through the 
capacitive reactance in branch 2, Ic; (f) the total current taken 
by branch 2 and branch 3, Ii, lo (Ir. and lo are 180° out of 
phase, therefore, their sura is equal to To — II. If II is greater 
than Ic, the sign of the resultant current will be negative, showing 
that the resultant current is a lagging current) , and (g) the total 
current I, the total current I being equal to the square root of the 
sum of the squares of la and (I© — It) . Compute the resonant fre- 
quency for the circuit and then the quantities called for in (a) to 
(g) inclusive B. Compute (he susceptance of each branch for the 
various frequencies considered In A and also the total susceptance 
of the circuit. C Plot the total current, the susceptance of each 
branch, and the total susceptance against frequency. 















Fio 112 Resonance m a parallel circiut. Current 1 susceptance due to m 
ductance bi- susceptance due to capacitance 6c and tutal susceptance 6 are 
plotted against frequency / Resonance occurs when / equals 58 1 cycles per 
second Current taken hy the circuit is a minimum at tlus frequency, being 
0 69 amperes This js the current taken by branch I, which consists of atvohnuc 
resistance of 800 ohms If this resistance were removed the current taken 
by the circuit would be zero at the resonant frequency Although no current 
during the steady state isbeingSUpphedtpbranchesZ and S abigbcKcolaUve 
current flows through these branches 


362 


PART D. HIGH FREQUENCY CURRENTS 

SECTION TWO. ALTERNATING CURRENTS 
OF HIGH FREQUENCY 


Generation. As shown in the preceding section, the rotation 
of a coil in the magnetic field existing between two opposed mag- 
netic poles, one a north pole and the other a south pole, results in 
the generation of an alternating electromotive force in the coil. 
A complete revolution of the coil generates one complete cycle. In 
order to generate 60 cycles per second, the speed of rotation would 
have to be 3600 revolutions per minute. Much higher frequencies 
than 60 cycles per second are required for eJectrosurgery and short 
wave diathermy in order to prevent neuromuscular effects Such 
frequencies must be of the order of 1,000,000 or more cycles per 
second. To generate frequencies of, let us assume, 600,000, 

6.000. 000, and 36,000,000 cycles per second, which are of the 
order of magnitude of the frequencies employed in medical and 
surgical diathermy, the coil of the generator already described 
would have to rotate at the tremendous speeds of 36,000,000, 

360.000. 000, and 2,160,000,000 rptn. respectively. Obviously the 
type of alternating current generator used for generating fre- 
quencies of the order of 60 cycles per second cannot be employed 
for generating the ultra high frequencies used in medicine for sur- 
gical applications and for the production of heat in living tissues, 

OsciLiATiNG Circuit. Figure 113 shows a simple circuit, 
comprising a battery, a condenser, a coU, a resistance, and a 
switch If the switch is thrown to position 1, the condenser will 
be charged to the potential of the battery. If the switch is now 
thrown to position 2, the condenser will discharge through the 
coil and the resistance, which are connected in series with it. 
The charging and discharging of a condenser may be likened, 
respectively, to the displacement and oscillation of a pendulum 
If there is absolutely no resistance to the motion of a pendulum, 
once started, it will continue to oscillate with undiminisbed ampli- 
tude forever. However, if there is resistance to motion of the 
pendulum, no matter how the pendulum will finally come 
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to rest For during the oscillation of the pendulum the amplitude is 
continuously diminished, the fnctional and air resistance to 
motion exerting a constant damping effect until, finally, the 
energy imparted to the pendulum originally will have been totally 
dissipated and the pendulum will have come to rest In this 
case the oscillation of the pendulum is said to be damped, and 
in the first case, when no resistance is exerted against the motion 
of the pendulum the oscillation is said to be undamped If the 
resistance is so great that the pendulum m its return swing does 



Fic 113 Simple OsciUeting Cuciut C is a condensti t> the mducl&nce 
and R tbe resistaoce of a coil E a souice of voltage and K a key whereby 
the condenser may be charged and dfscbarged 

not pass beyond its position of static equilibrium the motion is 
non osciTfotmg 

If the ohmic resistance, which is the resistance to the flow of 
an electric current due to the composvUon and physical dimen 
sions of a conductor, is zero — that is m Fig 113 R=0 — the 
discharge of the condenser will be oscillatory and undamped 
The electric oscillation under this condition will continue forever 
Buf if resistance is present, the energy ongmally stored in the 
condenser will eventually be dissipated as heat in this resistance, 
and the electric oscillation consequently will die out Similarly 
to the factional resistance in the mechanical analogue of the 
pendulum, the magnitude of the ohmic resistance of an electrical 
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oscillating circuit determines the degree to which the oscillatory 
current is damped. If the ohmic resistance exceeds a certain 
critical value, determined by the inductance and the capacitance 
of the oscillatory circuit, the discharge of the condenser will be 
non-oscillatory. 

Referring to Fig. 113, when the condenser is connected to the 
battery, it will be charged; when connected to the inductance, 
it will be discharged. At the end of the discharge, the energy 
which had been stored in the condenser will be stored in the 
magnetic field set up by the flow of current through the coil. 
As soon as the potential of the condenser falls to zero, the 
current will begin to decrease and the lines of magnedc force 
about the coil to collapse. The collapse of the lines will induce 
a voltage in the coil, which will recharge the condenser. If there 
is no loss of electrical energy, due to ohmic resistance in the 
circuit, or to radiation of electromagnetic energy, the condenser 
will be re-charged to a potential equal in magnitude but opposite 
in polarity to that it had originally. The total energy of the 
charge will be the same as that originally stored in the condenser. 
The cycle of charging and discharging \riU be repeated indefi* 
nitely, resulting in an aUematlog current of undiminished ampli* 
tude. 

However, if some of the energy originally stored in the con- 
denser is dissipated on discharge as heat because of resistance 
in the circuit through which the condenser is discharging, and as 
electromagnetic radiation, the magnitude of the potential on 
recharge of the condenser will be less, each re-charge potential 
being less than the preceding. Theoretically, the electric oscillation 
never dies out regardless of the degree of damping. Practically, 
an osdllation is considered damped out when the amplitude 
has decreased to 1 per cent of its original value. 

Fi^ce 114 shows a damped electric oscillation, and also indi- 
cates the method employed in computing the instantaneous values 
of the current Fig. Il5-a shows the condenser voltage and the 
current flow both plotted against ut for the circuit considered in 
Fig. 1 14. In Fig. 1 1 5-b the energy stored in the condenser field and 
that stored in the magnetic field are plotted to show the relative 



Fiq. 114 Computed icisUmuQeous cutcent of a damped electric oscillation 
The capacitance C of the oscillatory circuit is 5000 succomicrofarads, the 
inductance L 4 tnicrohencys, the resistance R, JO ohms, and Eu the initial 
potential of the condenser, 5000 volts The instantaneous current t for values 
of (D{ from 0 to Sft radians was computed from the expression 

‘ “ Em# sin (wO 

The current was plotted as positive, le, the potential to which the 
condenser is charged at the beginning of the discharge is considered negative 
The damping factor 

and the factor ( f"*)) are 

plotted separately against (©() The curve showing the variation in current 
flow with (<o£) 15 then obtained by umlbplyiog these two curves instantaneous 
values of current bemg obtained by multiplying corresponding instantaneous 
values of the functions 

The frequency of the Qscillatioii / equals l/{2itVL C) or 1 IS x 10* cycles 
per second The tiroe for one complete cycle is 0 88 x ID"* seconds 
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amount stored m each at successUe instants during the oscilla- 
tion shown in Fig 115-a* 

* Injlanlaneous Value of an OscUlalmg Current The oscillations which 
occur la a simple circuit upon which no external aUemaling emf is applied 
are called the free osc3laltons of the arcmt Forced oscSlatwns, on the other 
hand, are those impressed on the arcuit by an alternating emf from a source 
outside the circuiL t\Tien free oscillaiions are produced by the sudden 
discharge of a condenser, all of the energy which was stored in the condenser 
before discharge is lost from the circuit dunng the oscillations The potential 
difference of the condenser therefore, becomes lower and lower af every 
alternation of the current Since there is no emf applied from outside the circuit, 
the potential differences of condenser, resistance, and inductance must balance 
and their algebraic sum be zero That is 

This IS the same as the equation 

+ + J -c" 

for Simple alternating current theory, except that e the applied emf, » aero 
The solution that follows does not apply if the circuit contains a spark gap, 
for then the resistance K is not a constant 


The solution for the above equation for any circuit m which the resistance is 
constant and not extremely great, is 

If C 15 in farads, L in henrys m volts R la ohms and of in radians 
the instantaneous current » will be in amperes The negative sign indicates that 
the effect of the cunent is to decrease Em le , to release the charge on the 
condenser ^Vhether the cunent is to be considered positive or negative during 
discharge depends upon the polarity of the charge on the condenser If the 
charge is considered positive, the current is then negative on discharge, if 
negative, the current is positive In cither case the effect of the current flow 
is to decrease the charge on the condenser 
fnztantaneous Value of Condenser lottage The relation between voltage 
across ffie condenser and the carrenf m the errcorf ts 



Using this relation we obtain from the e:q>ressJon for current the approximate 
relation 


ec =• 


cos lul) 
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Rg llS-b See next page for description 
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Oscillation Frequency The osallation frequency of an oscil 
latory circuit is a function of the inductance, the capacitance, 
and the resistance of that circuit In practically all high frequency 
circuits, the resistance is so small that its effect on the oscillation 
frequency is negligible in comparison with that of the inductance 
and the capacitance Therefore, for the purpose of this discussion 
it may be neglected Ex press ed quantitatively, 

Frequency = l/(2nVLC), approximately This equation gives 
frequency in cycles per second when L, the self inductance, is in 
henrys and C, the capaatance, is m farads 
Effective Value of an OsaUatory Current The effective value 
of an alternating current is that value of a direct current which 
has an equivalent heating effect In the case of an undamped 
sinusoidal current, the effective value is 70 7 per cent of the maxi 
mum or peak value of the current The effective value of an 
undamped sinusoidal voltage is also 70 7 per cent of its peak 
value The effective value of an oscillatory current depends on 


Instantaneous Value of Energy m Condenser Smce the instantaneous value 
oi energy In the condenser equals 

Cec* CEsi* - — . , 

wc “ — — c«^ (<ol) joules 

Instantaneous Value of Energy in ilagneltc Field of Cod Smce the in 
stantaneous value of the energy stored id the magnet c field of the coil Wi, 
equals L P/2 

LIm* ... 

wi, » — ^ ^ s n* («<; or 
Wl = - 2 “ ^ " s n* («0 joules 


Fig 115 b Total energy energy la electnc field end energy m magnetic 
field plotted against ur The energy at any i&stant m the electnc field tOo 
equals in joules H C tunes the square of the instantaneous potential m volts 
of the condenser The instantaneous energy m the magnetic field t»i, equals 
in joules L times the square of the instantaneous current in amperes 
Actually the curve shomng total energy is not a smooth exponential curve 
as shown in the figure but a wavy exponential curve This is due to the fact 
that the phase diSerence between current and emf is not exactly 90* The 
deviation from a 90* phase difference is, cwsed by the resistance in the 
arcuit. 
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the number of complete oscillation trains generated per second 
Let N be the number of oscillatory discharges per second, C, the 
capacitance of the condenser m farads', R, the ohmic resistance, 
L, the inductance of the coil in henrys, and Em, the maximum 
potential to which the condenser is charged The effective value 
of the current is then 


The maximum value of the current, Im, which is the initial 
maximum value, is given by the following equation 

Im - 

To demonstrate the great disparity between the maximum or 
peak and the effective value of the current of a series of oscillatory 


• Effeetne and ifanmum Value cf an Osetlloiwg Current The total 
energy stored in a condenser of capacitance C farads when charged to a 
potential of Eu volts is CBu* joules If this condenser is charged and 
discharged N times per second the total energy stored m the condenser per 
second will be NCEu>/2 joules This must equal the total energy dissipated 
during the N discharges per second This energy will be converted into heat 
m the resistance of the discharge circuit The effective value of an alter 
nating current is defined as that value of a direct current which has the same 
heating effect as the alternating current Therefore the effective current Igfp 
amperes flowing for one second through the resistance R would have a 
beating effect of Ifrr^ R joules per second This according to the definilion 
of the effective current must be equal to the beatmg effect of the alternating 
current. We have already shown that NCEm*/ 2 joules are dissipated each 
second Hence 

The maximum value of an osollalory current can be obtained from the 
egression fox tbs jnstanJaneons value of Ibe cairest 

I «= - sin (<^0 

The inslantaneovis value is a mazmiinn when «>l is approximately 90* or 
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discharges, let us compute these values for the current flowing 
in an oscillatory circuit, consisting of a condenser of 5000 micro- 
microfarads capacitance, a coil of 4 microhenrys inductance, and 
a resistance of 10 ohms. Let 5000 volts be the initial or maximum 
potential to which the condenser is charged at the beginning of 
each oscillatory discharge, and let there be 1000 complete oscil- 
latory discharges per second. 


Ieff 

. 

» 2R 

^ /lOOO X 5000 X I0-“ 

= 2.5 amperes. 


lu = 

= - 


But 


Em « 5000 


and 

II 

< 

^5000X 10-“ 

v'1250 X 10-* 

4 X 10-* 


- lO-'v/lMO = 0 0354 



irR 

3 1416 X 10 


Also 

~r 

7.854 

4 


Hence 

4 y L 

» - 7.854 X 0.0354 = - 

- 0 278 

and 


— f-9 in 



log e-0 «» = - 

0 278 log e *= -0.278 X 

0 4343 


= 

- 0.1207 = 9 8793 - 10 



<5-0 J7g ^ 

0 757. 


Therefore Im = - 5000 X 0.0354 X 0.757 « - 

134 amperes. 


■s/l radians SubsUtulin^ t/2 for w/ io the above equation and solving for 
lu we obtain 

IM - - sm J , ot 

In - - EM4/5,r-«-'"ar. 
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Spark Gap Oscillator (Conventional Diathermy Machine 
and Electrosurgical Unit) TTie electrical circuit of a typical 
diathermy machine of the spark gap type is represented schemati 
cally in Fig 116 It consists of a transformer, by means of which 
the voltage of the sixty cycle alternating current power supply is 
raised to several thousand volts, a reactance (intensity regulator) 
to control the current to the primary of the transformer, a senes 
of spark gaps, condensfers, and an oscillation transformer, the 
primary of which consists of a coil of a few turns of heavy wire 
and the secondary of which is a coil of a relatively great number 
of turns These elements with requisite meters and switches are 
connected as shown m Fig 116 

From an mspection of this diagram, it will be noted that the 
condensers, the spark gaps, and the primary of the oscillation 
transformer constitute an oscillating arcuit similar to the simple 
oscillating circuit already discussed The spark gap adds additional 
resistance to the circuit and, consequently, if the gap is wide the 
damping of the oscillation tram xnll be greater because of the 
high resistance of the gap and the rapid dissipation of power 
m it in the form of heat Highly damped waves can be used for 
the heating of tissue and for the electrocoagulation and the 
electrodesiccation of tissue To produce cuttmg however, the 
current must consist of a succession of slightly damped waves In 
the design of spark gap oscdlators for surgical application, care 
must be exerased to reduce resistance to a minimum m order to 
obtain the desired type of current for cutting The gaps of such 
machines are of minimum width In Fig 117 a typical spark gap 
circuit for electrosurgery is shown This umt has two circuits, one 
generating a current for coagulation and the other a current for 
cutting 

Referring to Fig 116 provision is made whereby the oscilla 
Uon traDsfonsei can be tapped at various points both on the 
input and output sides For ordmary conventional diathermy 
treatments, the oscillation transformer is used as an auto trans 
former For auto condensation, a treatment formerly extensively 
employed, and still somewhat m use, a secondary winding of a 
relatively large number of turns is employed The ammeter con 
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nected in series with the patient, as indicated in the diagram, is 
of the hot wire type and indicates the effective value of the Bigh 
frequency current delivered to the patient 
If the effective voltage applied to the oscillating circuit in 
Fig 116 IS 5000 volts, 60 cycles, when 110 volts, 60 cycles are 
impressed on the primary of the transformer, and if the spark gaps 
are so adjusted that a potential of 7000 volts is required to break 
down the air gap, the condensers will be charged and discharged 
once every half cycle The period during which no current flows, or 
the interval between successive wave trams, is relatively very long 
in comparison with the time cuTTent is ffowing For this setting of 
the spark gaps there are two condenser discharges per cyde of the 
impressed 60 cycle voltage or 120 per second This frequency of 
stimulation would result in pronounced neuromuscular response if 
applied to a patient and the diathermy generator would be said to 
produce a faradic effect Users of spark gap diathermy apparatus 
observed that if the gap was too wide, the patient would experience 
such an effect, and soon learned that by shortening the gap the effect 
could be eliminated By shortening the gap the voltage to break it 
down would be less, and so the number of wave trains delivered to 
thepatient per second would be increased By proper adjustment of 
the gap and with a sufficiently high voltage impressed over the 
oscillating circuit, the number of oscillatory discharges per second 
can be raised sufficiently high to eliminate the so-called faradic 
effect The resulting succession of damped oscillation trains simu 
late in heating effect the continuous flow of a high frequency 
alternating current 

The hot wire ammeter connected in series with the patient 
indicates the effective value of the high frequency current deliv 
ered to the patient and is that value of a direct current which 
has an equal heating effect The current read on the ammeter is 
much less than the peak value of the current received by the 
patient In a foregoing paragraph it was shown that the effective 
current value of a succession of damped high frequency oscilla 
tions (1000 per second) was only 2 5 amperes whereas the peak 
current value of each wave tram was 134 amperes The more 
highly damped the oscillations are, the greater will be the ratio 
of the peak value of the current to its effective value 
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The frequency of the current generated by a spark gap oscil- 
lator is not single valued The range of frequencies generated and 
the harmonics present extend over a very wide band, usually 
a megacycle or more in width. 

Vacuum Tube Oscillator The simplest form of thermionic 
vacuum tube is the diode, hawng but two elements, a cathode 
and a plate. The cathode is heated by a battery provided for this 
purpose, which is designated an “A” battery. On becoming 
heated, the cathode — whidi may be a tungsten filament, a thori- 
ated tungsten filament, or a surface coated with oxides and 
heated by means of a filament — emits electrons. These electrons 
flow to the plate when the plate is at a positive potential with 
respect to the cathode The diode obviously will conduct current 
in only one direction If a battery is connected with its negative 
terminal to the cathode and its positive terminal to the plate, the 
flow of current will be continuous; but if an alternating voltage 
is applied to the cathode and the plate, current will flow only 
when the plate is at a positive potential with respect to the cathode. 
In other words, current will flow only on the posUive half cycles 
of the alternating voltage. The tube can thus be used as a recti- 
fier. 

The operation of the diode and of other thermionic vacuum 
tubes can best be understood from curves known as tube char- 
acteristic curves. In Fig 118 is shown the characteristic curve of 
a diode. This curve shows that with a fixed cathode temperature, 
the plate current increases with increase in plate voltage. Although 
the same total number of declrons are emitted per unit time for a 
fixed cathode temperature regardless of the plate voltage, the 
current flow increases at a lower rate for a given increment of 
plate voltage when the plate voltage is low than when it is high 
This is due to the fact that at low plate voltages only those 
electrons nearest the plate will be attracted to it. The electrons 
in the space near the cathode, being themselves negatively charged, 
JwJJ tend vte .’•epW sf/riSarlj^-ckarged ei^trons Jesrisg the 
cathode surface and cause them to return to the cathode. This 
effect is known as the space charge effect and is responsible for 
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the slow rate of increase of plate current with increase in piate 
voltage at low plate voltage values As the plate voltage is in- 
creased, more and more of the electrons emitted by the cathode 
are attracted to the plate. Finally the space charge effect is com- 



Fig jib Plate current plate voltage tbaractenslic of a diode for three 
filament temperatures, produced by three dificrent filament currents, !»,, It^, 
and Ir, P indicates saturatt<m pomt At this point, all electrons leaving the 
cathode reach the anode Further mcrease m current can be achieved only by 
increasing the temperature of the filament, thereby causing the emission of 
more electrons and a consequent mcrease in plate current A few of the 
electrons will be emitted from the cathode with sufficient veloaty to reach 
the plate Hence, if the plate is connected back to the cathode, these electrons 
will fiow back to the cathode through the external circuit, even though no 
external emf is impressed on the plate This small initial current occurs in 
all two-element tubes 


pletely overcome and all the electrons reach the plate A further 
increase in plate voltage can produce no mcrease in plate current 
This point on the plate current-plate voltage characteristic is 
called the sattcration point At this point increase m current flow 
can only be achieved by increasing the emission of electrons from 
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the cathode This can be done by increasing its temperature, the 
increase in temperature resulting m an increased emission of 
electrons 

If a third element, called a control grid, is placed between the 
cathode and the plate, the space charge effect can be controlled 
Such a tube becomes a three element tube and is known as a 
tnode A tnode can be used for more purposes than rectification 
The grid is usually in the form of an open spiral or mesh of fine 
wire With the grid connected erternally to the cathode and a 
source of direct current connected between the plate and the 
cathode with plate positive with respect to cathode, a continuous 
flow of electrons from cathode to plate through the openings of 
the grid will take place much as m the case of the diode However, 
if a source of variable voltage is now connected between the 
cathode and the grid, there will be a vanation in the flow of 
electrons from the cathode to the plate as the grid voltage changes 
about a mean value When the voltage on the grid is made less 
negative le more positive, with respect to the cathode, the 
space charge will be partially neutralized This will result in an 
increase in the number of electrons reaching the plate with a 
consequent increase in plate current When the grid is made more 
negative, i e , less positive, with respect to the cathode, the space 
charge will be reinforced and the plate current will decrease If a 
resistance or impedance is connected in the plate circuit, the 
variation in plate current will bring about a variation in voltage 
across this load The vaiiation m voltage will be a magmfication 
of the variation in grid voltage, in other words, amplification of 
the voltage variation on the grid has been obtained and the tube 
operates as an amplifier The amplifying power of a tube is given 
by its amplification factor p (mu) This factor is the ratio of the 
plate voltage change required for a given change in plate current 
to the gnd voltage change that will produce the same change in 
plate current 

The opeiation. of a Uioda as a Class A amplifiM teptesented 
graphically m Fig 119 The sloping curve shows the change in 
plate current for a fixed plate voltage as the grid voltage increases 
from a negative value sufficient to prevent flow of electrons to the 
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Fig 119 Buic circuit and operatiog characteristic of a Class A triode 
ampbfier The voltage to be amplified is It » impressed on the gnd of 
the tnode, which is malntamed at a oegative potential with respect to the 
filament of £<' volts knoiv-o as the btcs voUoge This potential determines the 
operating point on the plcte current pjd voltage operating charactenstic of 
the tube for the load impedance 7* If this point is m the center of the 
practically linear portion of the charactenstic the a-c component of the 
plate current will be practically sumlar in wa\e form to the voltage eg The 
impedance of the load is Z\ and the voltage drop over the load due to the 
a c component of the plate current will be t* £» The voltage amplification is 
At = i» Zb/ei 

There is also a voltage drop over the load due to the direct current 
component of the plate current equal to IvR* where Rk is the resistance 
of the load to direct cunent In the figure, u is the instantaneous value of 
the a c component of the total instantaneous current tk Ik is the d c com 
ponent of the total plate current, or, if the a c component is a sme wave or 
IS symmetrical about the bonzontai ass the average value of the total plate 
current I» is the effective value of the a c component, and its maximum 
value 

plate through zero to a value sl^tly positive This curve is 
essentially a straight line over the middle section By proper choice 
of fixed gnd voltage, or btcs, a point of operation may be chosen 
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on the charactenstic curve so that variation in plate current will 
be directly proportional to variation in grid voltage * 

Amplifiers are frequently classified according to the operating 
conditions under which the tube works The classifications m 
general use are Class A, Class AB, Class B, and Class C 

A Cfojs A amplifier is one in which the plate current flows 
continuously throughout the cycle of alternating voltage applied 
to the grid Grid bias and alternating grid voltage are so selected 
that operation is confined to the linear portion of the Eg-h 
charactenstic The amplifier shown m Figure 119 is such an 
amplifier A Class A amplifier produces no appreciable distortion 
of the waveform of the voltage impressed on the grid The power 
output, however, is low The d c component of the plate current 
is high, resulting in high plate dissipation of power 
A Class AB amplifier is one in which the plate current flows 
for more than half but less than a complete electrical cycle 
Increased power ts obtained but at the price of some distortion 
m the wave form 

* There ue two gnd voltage plate current characteristics for the triode 
one that with constant plate voltage called the sfoUe charactensUe, the 
other that withavanable plate voltage called the dymmic ckofactensM 
In order to realize useful power {com an amplifier the plate current which 
increases with increase m grid voltage and decreases with a decrease in that 
voltage must be conducted through an ^ropnate resistor or impedance 
Across this impedance power can be develop^ When the varying plate current 
flows through such a load the voltage drop over the load will vary The 
actual voltage over the plate ol the tube will therefore vary being equal to 
the emf of the battery minus the voltage drop o\er the load As a result the 
Eg Ig characteristic will be continuously shiftmg even though the d c 
component of the plate current may be steady For an alternating voltage 
impressed on the gnd there will be a constant change in the plate voltage 
The static charactenstic gives an indication of the performance of a tube 
for only one value of plate voltage If the plate voltage is changed the 
charactenstic curve will shift 

Hence the static charactenstic cannot be used to plot the operation of a 
tube m an actual circuit The charactenstic curve which takes into account 
jhf y3sy2i>g fists ysitsgs fisS sitaiBs Amsff jAr jjw.'WJivsB' sf a tabs is 
called the dynamic charactensUe This operating charactensbc shows actual 
plate current agamst gnd voltage when there is an impedance m the plate 
circuit This curve depends upon the impedance of the load in the plate circuit 
as well as on the charactenstics of the tube 
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A Class B amplifier is one m which the plate current flows 
for only one half of each cycle of the alternating grid voltage 
The biasing voltage is that value of the grid voltage for which 
the plate current is zero That is to say, the tube is operated at 
the culoS Hence, on impressing an alternating voltage on the 
grid, plate current will flow only during the posibve half cycle 
Further power output is gamed but at marked distortion of wave 
form 

A Class C amplifier is one m which the plate current flows 
for less than one half of the cycle of grid signal voltage In such 
an amplifier, the bias is greater than the cut off grid voltage 
High power output but great wave form distortion are the char- 
acteristics of such an amplifier Such an amplifier is strictly a 
power amplifier, whereas the Class A may be considered a voltage 
amplifier 

When it is desired to amplify the magnitude of minute, varying 
voltages without distortion of the wave form, as in the study of 
heart potentials, a Class A amplifier must be used To obtain 
greater amplification than can be secured with a single tube, 
a series of stages is employed, with the output of one stage used 
as the input of the next In this manner, the desired amplification 
IS obtained The thermionic vacuum tube amplifying electro 
cardiograph usually employs three stages, with an overall voltage 
amplification of about 800 

Generalton oj Osallattons By virtue of the ability of a three 
element vacuum tube to amplify, the initial output of the tube is 
greater than its input Hence the tube can be arranged to provide 
its own input signal To enable the tube to generate a sustained 
electric oscillation, however, a sufficient portion of the output 
must be fed back into the input m the proper phase to reinforce 
the mput energy The frequenty of the oscillation is pre 
determined by the electrical constants of the circuit The feed 
back, as the feeding back of a portion of the output energy to 
the input circuits IS termed may be accomplished in as many 
ways as it is possible to hnk the output circuit with the input 
circuit 

Let us assume a typical tickler feedback osallator circuit, Fig 
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120, for the purpose of explaining how oscillations are generated 
by a three electrode vacuum tube In this circuit energy from the 
plate circuit is fed from the so called tickler inductance Lj to the 
grid inductance L, The frequency of oscillation / is determined 
chiefly by the values of the inductance Li and the capacitance Q, 
f being equal in cycles per second to 
1 

2iVLrCj 

Whenever the rate of flow of current through a coil changes, 
the magnetic field about the coil will also change And, as we 



have also learned in the preceding section, if the changing 
magnetic field cuts the turns of another coil, an emf will be 
induced in the second coil As the magnetic field expands with 
increase in current, the polarity of the voltage induced in the 
second coil will be m one direction And as it contracts with 
decrease m current, the voltage induced in the second coil will 
be in the opposite direction Also, if the current in the first coil 
IS steady and unvarying, the magnetic field about that coil will be 
steady and unvarying When the magnetic field is in this static 
condition, no voltage Will be induced in the second coil 
Referring to Fig 120, when the filament, constituting the 
cathode of the tube, is energized, electrons will commence flowing 
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from the filament to the plate, resulting in a rising current flowing 
in the plate circuit. This current flows through the tickler coil L*. 
As the filament heats up, more and more electrons are emitted, 
resulting in a rising current and an expanding magnetic field 
about the coil Lj, which is coupled inductively to the grid coil Li. 
As a result of this expanding field, a voltage is induced in Li. 
This voltage is impressed on the grid. 

It will be noted from the figure that there is no C battery to 
provide a negative bias for the grid — that is to say, the grid 
bias is zero. As can be deduced from the characteristic curve of 
the triode, Fig 119, a tube so operated is highly sensitive to a 
change in grid potential, a given change in grid potential pro- 
ducing a much greater change in plate current when the potential 
of the grid is zero than when it is biased Hence, a minute voltage 
appearing on the grid will cause an immediate change in the magni- 
tude of the current flowing In the plate circuit. 

Let us assume that the initial voltage induced in L, and 
impressed on the grid is positive. The positive potential on the 
grid will exert a force of attraction on the electrons leaving the 
filament or cathode This force will accelerate the motion of the 
electrons towards the plate causing more electrons to reach the 
plate per unit time, thus increasing the plate current further 
The resulting expanding of the magnetic field about the tickler 
coil Li will induce a still larger positive voltage in the grid coil Li. 
The increased positive potential of the grid will bring about a 
further increase in the plate current 

The current in the plate circuit will continue to increase in 
this manner, the successive increases eventually tapering off until 
a final steady maximum value has been attained. The magnetic 
field about Li now ceases to expand and no longer induces a 
voltage in the grid coil L,. Therefore, when the plate current 
reaches a final steady value, the grid loses its positive potential 
and returns to zero potential Since the grid no longer exerts an 
attractive force on the electrons leaving the cathode, fewer elec- 
trons reach the plate and the plate current begins to decrease 
As the plate current decreases, the field about L* contracts, 
inducing a negative voltage in In. The negative voltage, which is 
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now impressed on the grid repels the electrons leaving the cathode 
and thus reduces the plate current still further, thereby hastening 
the collapse of the field about As the collapse of the field is 

accelerated, the rate of cutting of the turns of the coil L, by the 
collapsing magnetic field is accelerated resulting m the induction 
of a still greater negative voltage m the grid coil The resulting 
increase in the negative potential on the grid further reduces the 
plate current This action continues until the field about the 
coil Lj IS completely collapsed and no longer induces a voltage 
in the grid coil Li The gnd voltage thereupon returns to zero 
Since it IS now less negative than its previous value, the flow of 
electrons will increase with consequent increase in plate current 
The cycle thereupon repeats itself 
What we have described may be termed the “initial action,” 
for other actions are also taking place I-et us first consider what 
IS taking place m the so called lank circuit 1 -iCi The voltage 
induced in the gnd circuit by the feedback action will charge 
the condenser Ci When the charging potential begins to decrease, 
the condenser Ci mil begin to discharge through the coil Lj If the 
resistance of the discharge circuit is suffiaently small, an oscil 
latoty discharge will take place However, this oscillatory current 
would eventually die out if u were not for the fact that the grid 
circuit is replenished with energy once each cycle from the 
battery in the output circuit through the feedback coil L2 The 
oscillations therefore continue unabated The waveform as well 
as the frequency of the oscillation is governed by the grid circuit 
The frequency depends upon the resonant frequency of the tank 
circuit The waveform of the alternating current in 3 properly 
designed oscillator will approach that of a sine wa\ e 
There is still to be considered the effect of the grid bias This 
gnd bias is effected by means of the resistance R, called the grid 
leak, and the grid condenser C These two, which are connected 
in parallel with each other, are connected in series with the grid 
as shown in Fig IZO These circuit elements function as follows 
to maintain a negative bias on the grid 
The capacitance of the condenser C is such as to provide a 
low impedance path for the exatation signal, thus permitting the 
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fluctuating excitation current to by-pass the high-resistance grid 
leak R. During positive variations, the grid draws current as does 
a diode. This direct current flows externally from the cathode, 
through L, and R, to the grid, and thence internally to the 
cathode. A voltage drop is thus developed across the resistance R, 
the end of R nearest the grid being less positive than the other 
end of the resistor. The grid is therefore negative with respect 
to the cathode by an amount equal to the potential drop over 
the resistor R. 

The voltage developed across the resistor R, during the time 
current flows, charges the condenser C. During the negative phase 
of the excitation signal when no grid current flows, the condenser 
will tend to discharge through the resistance R. But if the 
capacitance of C and the resistance of R are properly chosen, 
the rate of discharge will be comparatively slow The higher the 
capacitance of the condenser, the greater the charge it can hold, 
and consequently the greater the time that will be required to 
discharge it. Furthermore, the higher the grid-leak resistance, 
the slower will be the rate of discharge. 

In an oscillator, values of C and R are usually so chosen that 
the time-constant, as we refer to the rate of discharge of the 
condenser-grid leak combination, is made fairly long in com- 
parison with the time of one cycle of the excitation signal. Hence, 
the potential of the condenser C does not drop appreciably during 
a complete cycle of the excitation signal. During the positive 
phase of the succeeding excitation signal, the condenser potential 
will be restored, and thus an appreciably constant negative po- 
tential with respect to the cathode is maintained on the grid 

Since the oscillator is self-excited, any increase or decrease in 
plate current is immediately reflected in an increase or decrease 
in the excitation voltage which is induced in the grid circuit by 
the action of the feedback coil L,. This is followed by an increase 
or decrease in grid bias. Such change in grid bias will oppose any 
further change of plate current in the same direction. In this way, 
a rise in the average value of the plate current is offset in a few 
cycles by a rise in grid bias which reduces the plate current. If 
the value of C should be too high, however, the time-constant may 
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Fic 121 Typical oscillating circuits (a) Tuned plate circuit, shunt feed 
(b) Hartley arcut, senes feed 

become so great that the grid Trill become msensitive to a sudden 
change in the average plate current Under such conditions the 
lube may oscillate intermittently, the starting and stopping rate 
depending upon the time-constant of the C-R combination. 
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Fig 121 Typical osollating arcnits (c) Hartley circuit, shunt feed 
(d) Meissner arcuit 

As has been shown in the foregoing paragraphs, when the plate 
voltage 1*5 applied to the tube, the initial surge oi current in the 
plate coil induces a current in the grid coil resulting in the setting 
up of oscillations in the grid circuit The amplitude of oscillation 
builds up until equilibrium is established between the losses in 
the circuit and the ability of the tube and battery to supply the 
required power. Use may be made of the oscillating current in the 
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Fig 122 (a) Tuned-plate oscillator (b) Its equivalent circuit w « the 
current flowing in the plate circu t which is equal to the vector sum of 
I), and lo the currents flowing through the plate inductance and capacitance 
respectively Ei is the em! impressed on the grid This is ISO* out of phase 
with respect to the voltage impressed on the ^ate and is equivalent in efiect 
so far as the flow of current in the plate circuit is concerned to a plate 
voltage of volts M is the mutual inductance of the gnd and the plate 
inductances Ri represents the res stance of the plate inductance and the 
resistance of the load assuming it a pure res stance load. 


plate coil by coupling a load to it Typical oscillating circuits are 
shown in Fig 121 * 

* Mathematical Analysts of Tmed plate Osallalor An approximate treat 
ment of a tuned plate oscillator from which some general pnnciples applicable 
to all vacuum tube osc llators may be deduced follows In Fig 122 is shown 
a tuned plate oscillator and its equivalent circu t By assummg steady state 
cond t ons and applying KirdihoB s laws to the equivalent circuit the foUowmg 
equations can be obtained 
( 1 ) = 

(2) -|-E,-»,e, + Ii(R,+;a,Lj) 

(3) = IifRi -h/«Li) 

(4 E, =je>HIu 

Substitut ng ( 1 ) and (4) m (2) 

(5) = (II + Ic)»> + It(Ri -bjuLi) 

Substituting the value of lo from (3) m (S) 

(6) = joiCTtfR +/««Li)r, -l-Ii.(Ri + fy +/«Lt) 
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Crystal Controlled Oscillator. TTie frequency generated by a 
vacuum tube oscillator of the type that has been described will 
vary with change in load A ^ort wave diathermy machine is 
subjected to widely varymg loads and hence its frequency will 
vary, more with some types of circuits than with others During 


from wluch 

(7) Ii,[(Rj + f, - «*LiC,r,) +j«(L, + CiHit,- mM)1=. 0 


For the left hand member of (7) to be equal to aero, each of the two terms 
vnthia the brackets must be equal to zero SettiDg of the j terms equal to 
zero, we obtam 


(8) 


M 


+ CiRif^ 


which gives the mtaimum value that hf must have la order that (he circuit 
may oscillate. 

Setting the real term of (7) equal to aero we get 


m 


/ Ri + f» 
Y LiC,f, 




where <o« s 1/ y/ln G. From equation (9) it is sees that the frequency of 
oscQlatioD IS affected to some extent by the resistance of the load (Rj being 
made up of the resistance of the coil and that of the load) as well as by the 
plate resistance of the tube Hence a change m the load resistance or any 
changes m the operating conditions of the tube which cause a variation m Tr 
such as vanaUons m the plate supply voltage or fflament temperature, will 
cause changes in the frequency of osdUation. 

In Fig 123 IS shown the vector diagram of the alternating components of 
the currents and voltages of the tuned plate oscillator The gnd voltage Et 
and the resultant voltage pEt acting m the plate aicuit are 180 degrees out 
of phase which fact accounts for the negative sign of >iEt m (2) The output 
voltage across the load is E«, which is equal to ^;i£t minus the lotemal 
drop v** within the tube The current Ii, lags £• by an angle 6, which 
depends upon the ratio of cola to Ri of the coil The excitation voltage £■ 
must lag behind by 90 degrees, hence the sign of M must be negative 
m order to produce this conation. The current lo through C» leads E» by 
almost 90 degrees depending upon the losses m this portion of the tank 
circuit The plate cunent i» is the vector sum of It and lo Actually 
In IS badly distorted Hence the vector Kpresenling t* m Fig 123 must be 
regarded as the fundamental component of the plate current. 

From (8) it is readily seen that the condition for oscillation can be 
destroyed by overloading the oscnDator Too close coupling resultmg in an 
increase in the resistance referred l»ck into the tank circuit will increase Rl 
I ncrease m Ri requires an mcrease m M, or a proportionate decrease in Li, 
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the operation of such apparatus an electromagnetic field is 
radiated into space having the same frequency as the oscillating 
current generated by the short wave apparatus, fluctuating with 
fluctuations m the frequency of the oscillatory current The 
operation of a short wave madune therefore may interfere with 



Fig 123 Vector diagram of the altemating components of the currents and 
vo'ilageB ol ihe tuned plate osciDator shown in Figure 122 


Cl or u in order that the generator do not cease to oscillate In the use of 
short wave diathermy generators the technic to be employed should be such 
that disturbance of the conditions for osallation be not brought about By 
following the mstructions prepared by the manufacturer such interference 
with proper functioning of the apparatus will be avoided 
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short wave radio communication. To prevent such interference 
one of two things can be done. First, the generator may be 
screened. Such screening must indude the patient also, for the 
patient otherwise would serve as a radiator of electromagnetic 
waves In addition, wave filters must be placed in the input circuit 
to prevent feedback into the power line; otherwise the power 
line would serve as a radiator. Furthermore, telephone and light- 
ing circuits which enter the screened room must be equipped 
with wave traps to prevent such drcuits from acting as antennas 
To screen a room properly requires great care — good bonding of 
the screening at all Junctions, electrically symmetrical grounding 
to prevent the screened cubide from acting as a radiator, the 
use of highly conductive screening material and if of mesh, all 
crossings of wires must be soldered, etc. A great deal of work has 
been done by the Canadian Government in devising screening 
methods for short wave diathermy apparatus. The following 
publications of the Department of Marine, Radio Branch, 
Canadian Government, should be consulted by those desiring 
detailed information and suggestions on shielding of short wave 
diathermy apparatus: 

5 11 — 10 — 25: Suppression of Radio Inductive Interference 
from Electro-Medical Apparatus 
S 11 — 10 — 34: Suppression of Radio Inductive Interference 
from Electro-Medical Apparatus 
Second, definite frequencies may be allocated for short wave 
diathermy apparatus. If short wave diathermy apparatus alone 
use these frequencies, no interference with communications will 
of course result A reasonable deviation, plus or minus, from the 
allocated frequency must be allowed. In the Federal specification 
for short wave diathermy apparatus, adopted by the Director of 
Procurement for the use of all the departments and establishments 
of the Dhfted States Government, the frequencies 660 and 
40 980 megacycles are called for, depending upon the type of 
application the machine is to be used for. The machine must 
maintain a frequency stability of plus or minus 0.05 per cent for 
all applications in an ambient temperature range from 10° to 
40°C. With such a machine no screening is of course required, 
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since the field radiated by it will not interfere with communica- 
tion channels of other frequencies. 

The frequency of a vacuum tube oscillator can be controlled 
by various electro-mechanical arrangements. The most extensively 
employed means of controlling frequency is the quartz crystal 
Quartz crystals have the property known as fnezoelectric effect. 
When such a crystal is subjected to a mechanical stress, a potential 
difference will appear over the faces of the crystal, and, conversely, 
when a voltage is applied across the faces, the crystal will change 
in dimension. If the applied pressure is alternating, the potential 
will be alternating; if the applied potential is alternating, the 
crystal will be set into mechanical vibration. 

The crystal is sandwiched between two metal mounting plates 
Since this amounts to two conductive plates separated by an 
excellent insulator, having a didecUic constant of about 4.5, it 
might be thought that a quartz crystal so mounted would act as 
a condenser. However, this is not necessarily true, for, depending 
upon the frequency employed, the crystal may act as a resistance, 
an inductance, or a capacitance. The equivalent circuit of a 
crystal is a resistance, an inductance, and a capacitance con- 
nected in series, and this series circuit connected in parallel with 
a second capacitance. It must not be concluded, however, that an 
arrangement of coils, condensers, and resistances could be sub- 
stituted for a crystal The ratio of reactance to resistance in a 
crystal may be more than 100 times that obtainable with an 
electrical circuit Hence, the resonance peak of a quartz crystal 
is many times more sharp than could be achieved by the best 
coils and condensers. This property, together with its piezo- 
electric effect, makes the quartz crystal so effective in stabilizing 
the frequency of an oscillator. 

A typical crystal-controlled oscillating circuit is shown in 
Fig 124 It is essentially a tuned-plate, tuned-grid circuit, except 
that a quartz crystal is substituted for the coil and condenser in 
the grid circuit. 

If the circuit is placed in operation by applying voltage to the 
plate circuit, an instantaneous change in plate current takes place. 
There results a transmission of a voltage surge to the grid by 
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way of the internal grid-to-plate capacitance of the vacuum tube. 
This voltage surge is also applied to the crystal. As a result the 
crystal is mechanically deformed. Upon the cessation of the 
surge, the crystal returns to its former shape. In doing so, it 
develops a potential across its faces. This potential is applied to 
the grid and is amplified by the tube. Part of this amplified 
voltage is fed back to the grid and thence to the crystal. Thus 
the generation of sustained electrical oscillations starts. 




Fic 124 Typical crystal controlled oscillating circuit 


The crystal has alternately a voltage applied to It which causes 
it to change its shape, and then the crystal, in resuming its 
original shape, generates a voltage which is impressed on the grid 
The grid is therefore subjected to a voltage having a frequency 
corresponding to the natural resonant frequency of the quartz 
crystal. 

From the foregoing it is evident that the crystal functions as 
a tank circuit, during the first half of the cycle storing energy 
in mechanical form, and during the second half releasing it in 
electrical form The rate of storage and release depends upon the 
natural resonant frequency of the crystal. This rate determines 
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the frequency of the oscillations generated by the tube The plate 
circuit may in fact be considerably detuned from the resonant 
frequency of the crystal without affecting materially the fre 
quency of the oscillations, whidi will remain that of the quartz 
crystal 




Fig. 125 Inductotherm Model C Crystal controlled short wave d alherroy 
generator for induction field application Frequency of oscillation 13 660 me 
Tolerance ^ 005 per cent {Courtesy General Electric X Ray Corporation) 
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The higher the frequency, the thinner the quartz crystal must 
be. Hence to obtain high frequency currents of appreciable power, 
such as are required for short wave diathermy, frequency mul- 
tiplying and power amplifying circuits must be used. Crystal- 
controlled oscillators for medical use which meet the requirements 
established by the United States Army have been constructed. 
Fig. 125 shows such a unit designed for operation at 13 660 
megacycles. The induction field method of applying the high 
frequency energy is utilized It has an output of more than 200 
watts, sufficient for all applications including fever therapy. 

Typical Circuits Used for Short Wave Diathermy Generators. 
In Fig 121 were shown the typical basic vacuum tube oscillator 
circuits. In the design of circuits for short wave diathermy appli- 
cation, one of these basic circuits is employed with such modifica- 
tion as the use to which the apparatus is to be put requires. The 
number of oscillator tubes used is one or two Some machines 
operate with raw a c. impressed on the plate circuits, others with 
rectified a.c., and still others with rectified a c. filtered to various 
degrees In Fig 126 is shown the schematic diagram of a one-tube 
oscillator using raw a c. on the plate, designed for induction heat- 
ing. This particular machine has proved highly satisfactory for 
the full range of diathermy application including fever therapy 
As will be shown in a subsequent paragraph, its maximum useful 
output approaches the maximum available output of the device 
That is to say, its thermogenic efficiency is high. The oscillation 
frequency of the machine ranges between 10 and IS megacycles, 
depending upon the number of turns and the configuration of the 
treatment cable This cable, as can be seen from the diagram 
in Fig 126, constitutes the inductance of the tank circuit and 
hence is effective in detemuning the oscillation frequen<y of the 
generator. The circvh is the CoJpItts type, as can be seen by 
comparing it with the typical basic oscillating circuits in Fig. 121. 
Such a circuit has a high electrical efficiency, for the resistance 
of the tank inductance and the cable applicator is a minimum, 
since the cable also serves as the tank inductance. 

In Fig. 127 is shown the schematic diagram of a two-tube 
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Fig 126 Schematic diagram of the /««fae<olAer>n, 2/infcZJ5 One-tube short wave diathermy generator for 
induction heating (Cojtrfc^ General Electric X Ray Corporation ) 





Fia 127 Schematjc diagram of the Jnductotherm, Model A Two lube short 
wave diathenny generator for induclioa field application (^Coitrtesy General 
Electric X-Ray Corporation ) 


and cable The oscillation frequency of this apparatus is approxi- 
mately 12 megacycles Since the treatment cable is not part of the 
tank circuit, change in its configuration does not affect the oscilla- 
tion frequency to the same exteat as ia the unit described in the 
previous paragraph 

Fig 128 shows the schematic diagram of a two-tube circuit 
having three tank circuits, any one of which may be switched into 
the circuit, depending upon the frequency desired The frequency 
to be generated, and hence the tank circuit to be used, is deter- 



Fic 128 Schtnialic diagiam ol a tnple frequency short wave diathermy 
generator 50 me for air spaced electrode apidication, 12 me for induction 
field application, and 3 75 me for eleettosurgery (^Courtesy Burdteh Corpora 
tion ) 

mined by the manner in which the high frequency energy is to be 
applied to the patient For Induction heating a lower frequency 
is used, of the order of 10 to IS megacycles For condenser field 
application, a frequency of 40 to SO megac5^es is used The 
reasons for using frequencies of such order of magnitude for these 
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applications will be discussed in subsequent paragraphs. This 
particular machine is designed to generate a frequency of 50 
megacycles for air-spaced electrode application, 12 megacycles 
for induction heating, and 3.75 megacycles for electrosurgery. 
The use of the considerably lower frequency for electrosurgery 
minimizes the leakage of current from the scalpel or coagulation 
electrode to the hand of the operator and thence to the ground 
through the operator’s body, which is capacitively grounded The 
capacitive reactance of the capacitor formed by the operator’s 
hand and the conductor of the electrode as plates and the insula- 
tion of the electrode as the dielectric decreases with increase in 
frequency Therefore, by using a lower frequency but with the 
current at the same effective voltage, the leakage is materially 
reduced. The basic circuit employed in the machine is the tuned- 
plate, tuned-grid, push-puH oscillator circuit, as can be shown 
by comparing it with the basic oscillating circuits given in Fig 
121 . 

Effect of Frequency on Characteristics of Cracuix Ele- 
ments. We have already discussed in Section One, dealing with 
alternating current circuit theory, the increase in opposition to the 
flow of current that develops in an inductance as the frequency 
of the current is increased. When the frequency of the impressed 
voltage is zero, i e , when the voltage has a constant unvarying 
value, the only opposition a coil exerts against the flow of electric 
current is its ohmic resistance. As the frequency increases, the 
impedance, as the coil opposition is called, increases In the case 
of a pure resistance, the opposition remains constant for increase 
in frequency through the range concerned with in power and 
lighting circuits, being the ohmic resistance of the resistor. But 
where the frequency is increased to the high values we are con- 
cerned with in short wave diathermy, the resistance increases. 
In the case of a capacitance the opposition decreases, until at 
high frequencies a capacitance that permits negligible current at 
60 cycles per second to flow will readily pass currents of high 
effective value. In the following paragraphs we shall discuss the 
effect frequency has on the impedance of the basic circuit elements, 
which are resistance, inductance, and capacitance. 
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Resistance. It may be shown that the distribution of direct 
current in a system of conductors, or over the cross section of a 
single conductor, is such that the production of heat is a minimum. 
This results in a uniform distribution of the current over the 
cross section of a single conductor of uniform configuration and 
material. But when alternating current flows in a conductor, the 
current tends to flow more in the outer portions of the conductor 
than in the center. The higher the frequency, the greater does the 
distribution of current depart from the direct current distribution. 
At high frequencies the current flows in a thin layer at the surface 
of a metallic conductor; hence the term skin eSect to describe 
this effect. As a result of this effect, the effective or current carry- 
ing area of a given metallic conductor may be but a fraction of the 
actual cross section Hence, the resistance of a conductor to the 
flow of a high frequency current may be many times that of its 
direct current resistance. 

The ratio of resistance at any frequency to the direct current 
resistance can be calculated for certain simple forms of con- 
ductors For the purpose of this discussion, which is to compare 
the effect of frequency on the resistance of highly conductive con- 
ductors with that on conductors of lower conductivity, comparable 
to tissue, the consideration of a conductor in the form of a straight 
cylinder will suffice The relationship in which we are most inter- 
ested is not the absolute resistance at various frequencies, hut 
rather the ratio of resistance at a given frequency to that for 
direct current. The following equation Is taken from Bureau of 
Standards Ctrctdar No 74, Radio Instruments and Measurements: 



in which d is the diameter in centimeters of the conductor; ji the 
magnetic permeability of the material; / the frequency; and P 
-vdionre in micr<tam<ms. Aiter computmg 

value of *, the ratio of the resistance at the frequency / to the 
resistance for direct current (R/R®) can be determined from 
Table 36, taken from the Bureau of Standards publication already 
referred to. 
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TABLE 36 


Ratio or High Frequencv Resistaxcc to the Dibzct Coteent Resistance 



R 

Ro 

Diff 

* 

R 

R. 

Difl 

- 

R 

Ro 

Diff 

0 

1 0000 

0 0003 

5 2 

2 114 

0 070 

14 0 

5 209 

0 117 

0 5 

1 0003 

0004 

5 4 

2 184 

070 

14 5 

5 386 

176 

6 

1 0007 

0003 

5 6 

2 2S4 

070 

IS 0 

5 562 

353 

7 

1 0012 

0009 

5 8 

2 324 

070 

16 0 

S 915 

353 

8 

1 0021 

0013 

6 0 

2 394 

069 

17 0 

6 268 

353 

9 

1 0034 

0018 

6 2 

2 463 

070 

18 0 

6 621 

353 

1 0 

1 OOo 

003 

6 4 

2 533 

070 

19 0 

6 974 

354 

1 1 

1 008 

003 

6 6 

2 603 

070 

20 0 

7 328 

353 

1 2 

1 011 

004 

6 8 

2 673 

070 

21 0 

7 681 

353 

1 3 

1 015 

OCb 

0 

2 743 

070 

22 0 

8 034 

353 

1 4 

1 020 

006 

2 

2 813 

071 

23 0 

8 387 

334 

1 5 

1 026 

007 

7 4 

2 884 

070 

24 0 

8 741 

353 

1 6 

1 03i 

009 

76 

2 9i4 

OiO 

25 0 

9 094 

353 

1 7 

1 042 

010 

8 

3 024 

070 

26 0 

9 447 

70 

1 8 

1 0^2 

012 

8 0 

3 094 

071 

28 0 

10 15 

71 

I 9 

1 064 

014 

8 2 

3 16$ 

070 

30 0 

10 86 

71 

2 0 

1 078 

033 

8 4 

3 233 

071 

32 0 

11 57 

70 

2 2 

1 111 

041 

8 6 

3 306 

071 

34 0 

12 27 

71 

2 4 

1 152 

049 

8 8 

3 376 

070 

36 0 

12 98 

71 

2 6 

1 201 

056 

9 0 

3 446 

071 

33 0 

13 69 

71 

2 8 

1 256 

062 

9 2 

3 517 

070 

40 0 

14 40 

70 

3 0 

1 328 

067 

9 4 

3 587 

071 

42 0 

15 10 

71 

3 2 

1 3Sj 

071 

9 6 

3 658 

070 

44 0 

15 81 

71 

3 4 

1 456 

073 

9 8 

3 728 

071 

46 0 

16 52 

70 

3 6 

1 529 

074 

10 0 

3 799 

176 

48 0 

17 22 

71 

3 8 

J 603 

075 

20 5 

3 975 

176 

50 0 

17 93 

3 54 

4 0 

1 678 

074 

11 0 

4 151 

176 

60 0 

21 47 

3 53 

4 2 

1 752 

074 

11 5 

4 327 

177 

70 0 

23 00 

3 54 

4 4 

1 826 

073 

12 0 

4 504 

176 

80 0 

28 54 

3 53 

4 6 

1 899 

072 

12 5 

4 680 

176 

90 0 

32 07 

3 54 

4 S 

1 971 

072 

13 0 

4 856 

177 

100 0 

35 61 

— 

5 0 

2 043 

07X 

13 5 

S 033 

176 

« 

« 



A consideration of the foregoing equation shows that the skin 
effect IS greater for materials of high conductivity than for those 
of low conductivity Furthermore, ’conductors of magnetic ma 
tenal show an exaggerated mcrease of resistance with increase 
of frequency 
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Let US now assume three conductors: the first of copper, the 
second of lead, and the third of a non-magnetic material having 
the conductivity of isotonic saline solution (.85 grams NaCl per 
100 grams solution) Let the diameter be the same for all, 1 cm 
The magnetic permeability, we will assume, is unity for each of 
the conductors The resistivities of these materials appear in 
Table 37 as given in the Handbook of Chemistry and Physics, 
23rd Edition, and the International Critical Tables. 

For values of x greater than 7, the following relation be- 
tween the ratio R/Ro and x holds to within less than 1 per cent, 
the error being less the greater the value of x: 

R/R. w x/1 828 -f 0.2S 

Since Table 36 does not extend far enough to include all 
values for x computed for the conductors of copper and lead 
which were assumed in the discussion, the foregoing equation was 
used to compute R/Ro for those values of x which are greater 
than 100 

In Table 38 are tabulated the computed values of x and the 
corresponding values of the ratio R/Ro for the three conductors 
for frequencies from 0 (direct current) to 50,000,000 cycles per 
second. 

In Fig 130, R/Ro is plotted against f for the three conductors. 


TABLE 37 


Material 

Tempera 

Resistivi^ 

Authonty 

^Copper — commeraal 

20" C 

1 724t mKcohm-qms 

Handbh Chem & 

annealed 

Lead 

20" C 

22 0 

Physics 

ITandbh Chem & 

Isotonic Sahne 

20" C 

73X10* 

Physics 

Int Crit Tables* 


• Co/idiulinly o} Aqueotu Scluttms ef Sodtum CUonde Since aqueous solutions of 
sodium chlonde are so often used as a lead in deteimuung the electncal charactensUcs 
of short wave diathermy apparatus, the foUomiig data from the InUrnaliortal Crthcal 
ToiUt on the conducti'niy of such s^tions may be useful to investigators in this 
field and for that reason are given here for ready reference 
In the following table, the concentration c is given in tmlliformuJa weight per hter, 
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that 3 m rmlligram-equivalents per Lt«r Tlic molecular we jht of sodjum ctlonde 
equals the atomic weight of sod um (22 997) plus the stonuc w e ght of chlonne (35 457) 
or 58 454 The concentration of agram-equ valent solut on of sodmujchlonde wouldbe 
that of a solution confauucg 58 454 grama of eodium chlonde pet hter In null gram 
equivalents or in miUiformuIa we per I tec ta concetitration w 58454 nnlli^ms 
hter Such a solut on is sa d W omtau I mole of solute per liter of solvent and is 
referred to as a one-mole solution 

The inolecuiai conduct v ly of a solution s defined as the ratio of the volume con 
ductiv ty n rec procal ohm-cms to the nontber of moles of solut* i>ef unit volume of 
solution The symbol for molecular cM^cbv ty is h and if the concentration e is w 
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TABLE 38 


/ 

Copper 

iMd 

Isotonic 

Sahne 


R/R. 


R/R, 


R/R« 

0 

0 0 

1 00 

0 0 

1 00 

0 0 

1 00006- 

100 

1 068 

1 007 

298 

1 00018 

1 645X10-* 


1,000 

3 3S 

I SIl 

942 

1 0042 

5 2X10'* 

— 

10,000 

10 68 

4 038 

2 98 

1 3118 

16 4SX10-* 

— 

100,000 

33 5 

12 1 

9 42 

3 594 

52X10-* 

— 

1,000,000 

106 8 

38 

29 8 

40 789 

164 SXI0-* 

— 

5,000,000 

239 0 

84 8 

67 6 

24 15 

0367 

— 

10,000,000 

335 0 

118 6 

94 2 

33 S6 

0520 

— 

20,000,000 

477 0 

169 

132 5 

47 

0735 

— 

30,000,000 

585 0 

207 

163 3 

58 

0902 

1 00006- 

40.000,000 

675 0 

239 

188 S 

66 8 

104 

1 00006+ 

50,000,000 

754 0 

267 

210 5 

74 

1I6S 

I 00007 


From Fig 130 it is readily seen that, whereas at frequencies 


inilIi^no-«qujvaicats per L(er and tbe \oIum« conductivity il u m ohm*^ cm'*, the 
relationship betweea X, t and k can be expressed by the following equation 

X-. 10»|. 

whence * • cX X 10^ ohm"* cm "* 


Trom the data in the loetgomg table, a senes of curves can be plotted showing the 
venation of conductivity with concentration for temperatures of 0” C, 18” C, SO* C, 
and 100^ C The concentraCionofisotooicsaiine solution is 0 85 grams per fOOCTamsot 
solution or 8 50 grams per liter The molecular weight of sodium chlonde is 58 454 A 
solution of NaCl having a concentration of 1 miUiformufa weight per liter contains 
therefore, 0 05845 grains NaQ per liter Tbe concentration of isotonic saline m milU 
formula weights per liter is 8 50/05845 or 145 4 
From the senes of curves referred to in the foregoing paragraph, the conductivity of 
isotomc saline at various tempieratuies can be readily determine In the followiug 
table, corresponding values of temperature, molecular conductivity, volume con 
ductivity, and resistivity are recorded In Fig 129, the resistivity of isotonic saline is 
plotted against the temperature of the solubon From the curve showing the variation 
of resistivity with tempenituie, it is found that at 20“ C the resistivity of isotonic saline 
13 73 ohin-cms, or 73 000 000 mictohm-ciiis 


stmty In Ohm-ems 


W 0X1O-* 

»1 s 

ISZ 3 


50 7 
49 7 
104 0 
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of the order used in short wave diathermy, 1,000,000 to 50,000,000 
cycles per second, the resistance of metallic conductors becomes 
many times the direct current resistance, the resistance of a 
conductor having a conductivity comparable to that of xsotomc 
saline remains practically the same as the direct current resistance 
throughout this range of frequencies Hence one must not er 
roneously assume that, because of the so called sLm effect, the 
distribution of current flow m a homogeneous conductor of low 
conductivity is such that only the outermost layers of the con 
ductor carry the current So far as tissue is concerned, the skin 
effect can be neglected The distribution of current flow in such 
materials is affected only by the impedances of the various possible 
pathways and not by the so called skin effect, which as we have 
shown has such a pronounced influence on the distribution of 
current flow m metallic conductors The term sktn effect, as used 
by electrical engineers, has no anatomical connotation, and hence 
when it IS said that skirt effect is negligible m non magnetic con 
ductors having a conductivity comparable to tissue, it must not be 
assumed that excessive heating of skin cannot occur with high ire 
quency currents and fields To this latter effect the term sktn effect 
IS frequently applied by physicians Such excessive heating of the 
skin IS due to improper methods of introducing the high frequency 
energy into tissue and to faulty tedinic in applying electrodes 
In subsequent sections the precautions to be taken in order to 
obviate excessive superficial healing will be discussed in detail 

Inductance A circuit, such as a coil, which possesses inductance 
must necessarily possess resistance In addition to resistance, the 
coil has capacitance Therefore, in considering the effect of fre 
quency on the electrical characteristics of a coil, we will consider 
the effect of frequency on each of these quantities which together 
make up the impedance of the coil 

The same principle that governs the distribution of current 
m an isolated conductor also determines the distribution of 
current in the conductors of a coil, that is, the current density 
is greatest m those parts of each coil conductor which are linked 
with the least magnetic flux The sLm effect m coils is, however 
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much more complex and mudi greater in magnitude than in 
isolated conductors, because each turn of the coil produces mag- 
netic flux that influences the distribution of current in adjacent 
turns Hence, the exact theoretical investigation of the increase 
in coil resistance, as the frequency is increased, becomes exceed- 
ingly difficult. Any such treatment requires consideration of the 
gradient of the magnetic field in which the various turns lie, the 
effect of the mutual induction of all the other turns on the turn 
being examined, effect of the space necessary between turns for 
insulation, etc. Even after many simplifications have been made, 
the solutions usually involve coefficients expressible only by 
infinite series, which furthermore frequently converge slowly, thus 
necessitating the computation and summation of a tediously great 
number of terms Luedemaon has proposed the following relation 
for single-layer solenoids of solid wire: 

R/R,= l + «Vr+Pf 

in which R is high frequency resistance, R# is direct current re- 
sistance, / is frequency, and « and ? are constants which must be 
determined experimentally at frequencies much lower than the 
natural frequency of the coil 

The high frequency resistance of a coil may be hundreds of 
times greater than its direct current resistance. 

Because of the change of current distribution within a con- 
ductor with increase in frequency, the self-inductance of a coil 
tends to decrease as the frequency increases. There is no appreci- 
able change in the mutual inductance. The change in self- 
inductance is, however, very small, although it decreases some- 
what more rapidly in the case of a cod than it does in the case of 
the same length of wire laid out straight. Since the self-inductance 
changes but slightly, we will consider the self-inductance constant 
in this discussion. The distributed capacitance of the coil, how- 
ever, changes rather markedly with increase in frequency, and at 
radio frequencies such capadtance becomes of great importance 
An appreciation of the effect of frequency on the distributed 
capacitance of a coil, and hence on the electrical characteristics 
of a cod, is of value in applying the induction field properly for 
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the treatment of patients, as will be pomted out m subsequent 
paragraphs 

The distributed capacitance of a coil is made u^ of the capaa- 
tances between the turns of the coil In Fig 131 is shown the 
equivalent circuit of a coil with a self inductance of L henrys, a 
resistance R, and a distributed capacitance of Co farads The 
capaatance Co is that capacitance which, when considered con- 
nected m parallel with an inductance of L henrys and a resistance 
of R ohms, will have the same effect on the electrical characteris- 


L 



Ftc 131 Equivalent circuit of a coil wiib an inductance of L henrys a 
resistance of R ohms and a distributed capacitance of C< farads 

tics of the coil as the various capacitances between the turns of 
the coil Hence the coil and its distributed capacitance form a 
parallel circuit as shown in the figure already referred to Let R 
be the resistance of the coil for the frequency / Then, if Ro is 
the apparent resistance of the coil and Ls the apparent inductance, 
It may be shown that 

R 

~ + fl - ■s-'iCJ' 

The terms u* CoR* and CoR® are very small and negligible, except 
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when the frequency approaches that value for which the quantity 
(1 — u*LCo) equals zero The frequency at which the quantity 
(1 — u*LCo) equals zero is the frequency at which the coil would 
oscillate by itself — that is, it is the resonant frequency of a circuit 
containing the inductance L and the capacitance C» For other 
frequencies we may write 


= 

L. => 


R 

(I - 

L 

(J - m*LC.> 


From a consideration of the foregoing expression for the 
apparent inductance of a coil, it is readily seen that, although the 
distributed capacitance of a coil may be very low, the value of 
u*LC* may become greater than I if the frequency is sufficiently 
increased When such occurs, L. becomes negative. This means 
that the coil is behaving as a condenser, and to tune the coil to 
resonance under such conditions a series inductance would be 
required 

Not only by increasing the frequency can the term u*LC» be 
made greater than 1 and thus the apparent inductance be made 
negative, resulting in the coil behaving as a condenser, but also 
by increasing the distributed capacitance of the coil or its induc- 
tance The total thstribuled capacitance of the coil will be in- 
creased by decreasing the space between turns, and the inductance 
by increasing the number of turns. 

By forming the conductor from a large number of small insu- 
lated wires connected in parallel at their ends, but insulated from 
each other throughout the rest of their length and thoroughly 
interwoven, the skin effect can be minimized. If the stranding 
is properly done, each conductor will, on the average, link with 
the same number of lines of magnetic force as every other 
conductor, and the current will diidde evenly between the strands 
If each strand is small, it will have relatively little skin effect 
over its cross section, and the current density will be approxi- 
mately that for direct current. Under such conditions the high 
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frequency resistance vrill be approrimately the direct current 
resistance of the coil. If there is no change in the current distribu- 
tion as the frequency is increased, the self-inductance, too, should 
remain constant, remaining that for direct current. 

In order to acquire an appreciation of the effect of frequency 
on the functioning of a coil in a high frequency circuit, and thereby 
acquire suggestions as to the proper manner in T?hich an induc- 
tance cable should be applied in giving short wave diathermy 
treatment in order to assure its functioning as an inductance, 
let iis assume a cable and make appro’dmate computations of its 
apparent inductance as the frequeniy is increased It must of 
course be understood that precise computations cannot be made, 
but the approximate determination of the electrical characteristics 
of the inductance applicator will provide information which will 
*■ serve as a guide in making effident use of such an applicator in 
actual treatment. 

Let us assume a cable properly stranded and with the strands 
so interwoven that there is no appreciable change in resistance 
with increase in frequency, that is, a cable constructed in the 
manner described in a foregoing paragraph Let us assume the 
diameter of the conductor to be 1 cm. and the diameter of the 
con 20 cm. Furthermore, to simplify the problem, let the coil be 
unloaded and the turns uninsulated. The dielectric between the 
turns will then be air with a dielectric constant of one and a 


TABLE 39 

L^•DocrA^CE ANO Distubvted Capacitance op Vasiocs Coils 
(Dia of Conductor 1 on , Dia of Coils 20 cms ) 


Con 

Turns 

Pach 

L 

c. 

Coil 

Turns 

Pitch 

L 

c. 

X 

2 

cms 

1 5 

1 26.VJ 


9 


4 

3 48^h 

8 Sp.pi 


2 

2 

1.15 

13 2 

10 

4 

5 

3 16 

7 62 

3 

2 

3 

1 00 

9 9 

n 

6 

1 S 

11 37 

18 2 


2 

4 

.88 

8 5 

12 

6 

2 

10 35 

13 2 


2 

S* 

.79 

7 62 

13 

6 

3 

8 95 

9 9 

6 

4 

1 5 

S 05 

18 2 

14 

6 

4 

7 82 

8 S 



2 

4 62 

13 2 

IS 

6 

5 

7 1 

7 62 



3 

3 92 

9 9 
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magnetic permeability likewise of unity The core of the coil, 
being of air, will also have a permeability of one In Table 39 
the inductance and distributed capaatance of a coil made of the 
conductor we have assumed are given for various turns and 
various pitches * 

* Inductance of a Swgle Layer CwJ An expression giving the approximate 
value of tbe inductance of a single layer solenoid follows 
0 03948NTI* 

j K miCTobenrys 

where N = tbe number of turns of the winding, R = tbe radius of tbe coa 
in cms measured from the axis to the center of any wire, I = tbe length of tbe 
coil m cms, and R^a function whose value depends on tbe ratio 2R// 
In the following table are values of K for various values of 2 R/J as calm 
lated by Kagaoka 


2E/I 

K 

2R/< 

E 

2R/I 

K 

2R/; 

R 

0 00 

1 000 

0 50 

0 818 

1 00 

0 688 

4 00 

0 565 

05 

979 

55 

803 

1 10 

667 

4 50 

341 

10 

959 

60 

789 

I 20 

648 

5 00 

320 

15 

939 

65 

775 

1 40 

611 

6 00 

285 

30 

920 

70 

761 

1 60 

580 

7 00 

258 

25 

902 

75 

748 

1 80 

551 

8 00 

237 

30 

884 

80 

735 

2 00 

526 

9 00 

219 

35 

867 

85 

723 

2 50 

472 

10 00 

203 

40 

850 

90 

711 

3 00 

429 



45 

854 

95 

700 

3 50 

394 




Applying the foregoing expression to Coil 1 having 2 turns a radius of 
10 cm , a winding pitch of 1 S cms and consequently a length of 4 cms we 
find the coil to lave an uuhi^anc% 

L = (0 03948 X 2 X 2 X 10 X 10)/4 X 032 = 1 26S microhenrys 
The inductances of the rest of the coils tabulated in Table 39 were com 
puted similarly 

Distributed Capacitance of a CoS From the cxpcnmental determination" 
of Palermo (A J Palermo Distributed Capaaty of Single Layer Coils Pioc 
I R.E , 22 897 1934) tbe following expression for the distributed capacitance 
of short single layer coils has been developed 

^ “ TT micro-microfarads 

3 6 cosh * (r/4) , 

where j = pitch of wmding m cms d s= bare wire diameter in cms. and 
D = winding diameter m cms Tbe term corA"* (s/d) means the angle whose 
hyperbolic cosine is s divided by d After s/d has been computed the value 
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Let us now compute the apparent inductance of the various 
coils for values of frequency from 1,000,000 to 100,000,000 cycles 
per second from the expressions for this quantity given earlier 
m this discussion of the influence of frequency on inductance In 
Table 40 are given the computed values 
The resonant or natural frequency of an inductance coil is 
that frequency for which (1 — o*LCi») equals zero Equating this 
expression to zero and solving for frequency, we obtain 
1 

1 

WES' 

In Table 41 the resonant frequencies of the vanous coils con 
sidered in this discussion are tabulated 


of this term is ohtmed from a table of byperbobc fuoctioos 
The mportaot parameters lo the coil capacitance are the diameters of the 
winding and the rnlio of the pitch of (he winding to the diameter of the bare 
wire. The capacitance is practically independent of the number of turns 
The msulalton on the conductor and the form on which the coil is wound, 
m short wave diathermy this form is of living tissue increase the distributed 
capoatanee of the coil by reason of their mass and dielectric coefficient 
Insulation of the cable conductor used for diathermy application will absorb 
energy through dielectric hysteresis Hence such insulation should be selected 
With the view of reducing such losses Furthermore, the insulation should be 
of such character as not to absorb moisture Likewise and for the reasons 
given the drum or disk enclosing a permanentiy wound coil of bare conductor 
must be of a matenai of as low a dielectnc loss as is feasible and must be 
impervious to moisture Properly constructed disk and drum applicators 
for induction heating by short wave diathermy are designed with a view to 
reducing losses and assunng an appbcator of high efficiency 
Applying the eapression for distnbuled capacitance to CcS 1, with 
D = 20 cm d = 1 cm , and s = 1 5 cm we find its distributed capacitance 
lo be 


C, 


3 1416 X 20 
3 6cosh >(1-5/1) 
3HI6X20 
30X09024 


Util 

- 18 2 Mfd 


The distributed capacitances of the rest of the coils tabulated in Table 39 
were found m the same manner 
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Fic IS2 (a) Resonant freqaency ol coils with d Berent p tches S plotted 
against number of turns N Mean diameter of co 1 20 cm, D ameter of 
copper conductor J cm (V) Kesanaat Jrequency ol coils mth dBertol 
numbers of turns N plotted agaost ptch S ic distance between turns 
center to center in ems 
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2. Actual conductor resistance loss in leads, connections, and 
the plates themselves. 

3. Loss due to dielectric absorption or hysteresis; such loss 
is occasioned by the irork done per unit time by ibe impressed 
emf in overcoming the attractive forces between the displaced 
electron and the positively charged particles tending to hold 
the electron in a position of static equibbrium. With an alternating 
emf, the displacement of the electron is first in one direction and 
then in the other. 

4. Corona loss due to discharge from plate edges; this loss is 
important at high voltages. 

The air condenser approaches a perfect condenser. In such a 
condenser, if constructed of rugged plates of negligible resistance, 
all the losses in the condenser proper are negligible except at 
voltages high enough to give corona loss. 

In the case of a condenser having a dielectric of low resistance 
and consequently permitting considerable flow of current from 
plate to plate through the dielectric on the application of potential, 
the apparent or measured capacitance will vary with the frequency 
of the impressed emf Such a condenser is known as a leaky con^ 
denser, and can be represented electrically by a capacitance con- 
nected in parallel with a resistance. The capacitance at any fre- 
quency of such a parallel circuit, which is the apparent capacitance 
of the condenser at that frequency, can be shown to be 


: = Co(l + 

'v R*«*C,*/ 


in which Co IS the geometric capacitance in microfarads and R the 
leakage resistance in ohms 

It is evident that the apparent capacitance of a leaky condenser 
decreases very rapidly as the frequency is increased and becomes 
equal to the geometric capacitance at infinite frequency, the 
geometric capacitance of the condenser being that computed from 
the dimensions of the condenser and the dielectric constant of 
its dielectric. 

Methods of Application op Hick Frequency Currents 
AND Fields in Medicine. Conventional Diathermy. By this term 
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is meant the application for medical purposes of the high frequency 
current generated by the spark gap type of oscillator In view of 
the fact that such generators are being rapidly supplanted by 
vacuxun tube oscillators generating frequencies of much higher 
values, no extended discussion of the methods of application will 
be attempted. Briefly, application of the energy is made by means 
of uninsulated electrodes of thin, pliable, metallic alloy, applied 
directly to the slin of the patient. Care must of course be taken 
that contact is uniformly good to assure uniform distribution of 
current. The technic of applying such electrodes in the actual 
treatment of patients will be discussed in a subsequent section 

Short Wave Diathermy. The medical use of the higher fre- 
quencies as generated by a vacuum tube oscillator for the develop- 
ment of heat in living tissues, is known as short wave diathermy. 

Associated with the flow of electric current in an electric circuit 
there exist about that circuit both an electric and a magnetic field. 
Any change in the current will produce a corresponding change 
in the electromagnetic field, but at a later time. The speed at 
which the change in the field is propagated is the speed of light 
— 300,000,000 meters per second. If the current change is peri- 
odic and alternating in character, similar periodic and alternating 
changes in the magnetic and eleclric fields will be propagated into 
space. At any point in space, the direction and amplitude of the 
fields will vary periodically in direction and intensity. In one 
second there will be as many complete cycles of change as there 
are complete cycles of change per second in the current giving 
rise to the field The wavelength, or distance between two points 
m the disturbance in the same phase (i e , the distance between 
successive crests, or troughs, etc,), will be 300,000,000 meters 
divided by the frequency. The wavelength of the wave radiated 
by a generator having a frequency of 10,000,000 cps is 30 
meters; 20,000,000 cps, IS meters, 50,000,000 cps, 6 meters 
The use of the term short wave diathermy was undoubtedly sug- 
gested by the fact that relatively short radio waves are radiated 
into space by the high frequency current flowing in the circuits of 
the oscillator. The term is somewhat misleading, since it suggests 
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that a patient is treated by a radiation field, whereas the fact 
is that the patient is definitely made part of a high frequency 
circuit coupled relatively closely to the tank circuit of the oscil- 
lator. 

Since higher frequencies are employed than in conventional 
diathermy, the electrodes may be brought away from the skin 
with an intervening space of air or some other non-conductive 
material. The resulting capacitance connected between each elec- 
trode and the patient introduces a capacitive reactance. As the 
frequency of the current is increased, the opposition offered by a 
capacitance decreases Hence, considerable thickness of insulating 
material may be interposed between the metallic electrodes and the 
skin of a patient and still have sufficient flow of current, provided 
the frequency is sufficiently high. Such pad electrodes, however, 
produce chiefly superficial beating. Tests conducted under the aus- 
pices of the Council on Physical Therapy have definitely estab- 
lished that pad electrodes are relatively ineffective methods of 
application so far as depth heating is concerned Since the only 
valid reason for the use of high frequency currents is to heat the 
living tissues of a patient without overheating the superficial tis- 
sues, the Council has most correctly refused to declare acceptable 
the use of pad electrodes for short wave diathermy. 

Cuff electrodes, similar in construction to pad electrodes, have 
been used satisfactorily for applying high frequency currents to 
extrenuties Such electrodes, however, axe far from being univer- 
sally applicable to all parts of the body. 

The third and most important method of applying short wave 
diathermy by means of the condenser field, consists of the use 
of air-spaced electrodes of metal provided with protective cages 
or containers of insulating material such as bakelite and glass 
The distance between the electrode and the patient’s skin can 
be varied. The effect of varying spacing on the electrical character- 
istics of the patient’s circuit will be discussed later 

For the application of short wave diathermy by the condenser 
field, air spaced electrodes provide the most satisfactory method; 
but this method of applying hi^ frequency energy for treatment 
is not as generally satisfactory, however, as the cable application 
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used ivith induction heating, or inductothermy, as induction-heat- 
ing applied to tissue has been appropriately termed 

The heating of tissue by induction is rapidly becoming more 
widely employed. The desirable heating characteristics of the 
induction held, the adaptability of the cable electrode to all ana- 
tomical parts, and the ease with which by means of such an 
electrode the desired distribution of power input into the tissues 
can be achieved, make this method of application of high fre- 
quency energy preferable to all others for medical use. 

The high frequency current generated by a vacuum tube oscil- 
lator is conducted through a flexible, well-insulated cable, which 
is coiled around or about the part of the body to be treated. This 
cable may also be wound into a pancake type of coil to be placed 
over the tissues in which heat is to be generated. The pancake 
type of coil may be permanently enclosed within an electrically 
non-conductive case to form a drum or disc type applicator for the 
more convenient treatment of certain parts of the body. 

Within and about the cod through which the high frequency 
current from the oscillator flows, there is set up an alternating 
magnetic flux, having the same frequency as the current in the 
coil. If a conductive material is placed within this high frequency 
magnetic field, an alternating electromotive force wdl be induced 
in it. As a result of this induced voltage, eddy currents of the 
same frequency as the current in the coil will flow in the conductive 
material. 

If living tissues are subjected to the high frequency magnetic 
field of the coif, there wUI be no neuromuscular response to the 
eddy currents induced in the tissues, because the frequency of 
these currents is that of the exciting current in the coil, being of 
the order of 10 to 15 megacycles per second, a frequency far 
greater than those which elicit muscular contraction The energy 
of the eddy currents is converted into heat within the tissues in 
which the currents flow, resulting in a temperature rise and those 
marked circulatory changes that normally follow the production 
of heat in living tissues. It will be shown later that the intensity 
of the eddy currents is greatest in the more conductive tissues, 
such as the vascular tissues and, consequently, the rate of heat 
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production will be greatest m such tissues, the very tissues in 
which heat is normally produced by energy metabolism 

For the production of generalized fever, application of the 
induction field is made by means of a coil of a single turn, placed 
under the patient and extending from the shoulders to the feet 
of the patient The advantage of distributing the power input 
throughout the patient’s body for the production of artificial 
fever, lies in the fact that the requisite mput iot elevating the 
patient’s temperature can be made with a relatively low mput 
per umt tissue volume To produce fever not only must there be 
an additional generation of heat within the patient’s body beyond 
that generated by the patient himsdf, but steps must be taken 
to mtmmtze loss of beat from ike patient This application of 
high frequency power is discussed in detail in the section dealing 
with artificial fever 

Heating of an ELEciBOtvtE by High Frequency Currents 
Equivalent Electrical Circuit of an Electrolyte An electrolytic 
solution may be considered a condenser having as a dielectnc a 
conducting solution and as plates the two opposing surfaces of the 
electrolyte In a perfect condenser the current fiow is a displace 
ment current, for m a pure dielectric there are no free electrons 
to conduct current When an electric {xitential is impressed on such 
a dielectric, the bound electrons are displaced under the influence 
of the electric force until the force of attraction tending to hold 
the electron in its normal position with respect to the other charged 
particles making up the atoms and molecules of the dielectric 
equals the displacmg force of the potential impressed on the di 
electric The condenser will then be fully charged Further charge 
can be introduced only by increasing the potential Further dis- 
placement then takes place until equilibrium is again established 
between displacmg force and the forces tending to oppose elec 
tron displacement If an alternating potential is impressed on the 
dielectnc, the electrons will be displaced first in one direction 
and then m the other Overcojnmg the forces within the dielectric 
requires energy, and this energy loss manifests itself as heat, the 
so called dielectnc hysteresis loss 

In the case of an electrolytic solution, the current conducted by 
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the ions, into which the electrolyte on going into solution is dis- 
sociated, is very high in comparison with the displacement current 
for low frequencies; but as the frequency becomes higher, the 
displacement current becomes greater. At ultra high frequencies, 
the conductive current may be negligible in comparison with the 

I dlJlIlP — I 



Fic 133 Simple equvalent urcuit of an eIectroI>'te 


displacement current From an electrical viewpoint, an electrolytic 
solution may be represented in simplest fotm by a resistance, 
inclusive of the ohmic resistance of the dielectric and the resist- 
ance represenUng other power losses in the dielectric, connected 
in parallel with a capaatance. Fig 133. In Table 42 are given 


TABLE 42 


f 

(cps) 

R 

(ohms) 

Xo 

(ohms) 

Is, 

(aiAps) 

Ii 

(amps) 

0 

183 

•» 

0 547 

0 

100 

183 

22,500,000 

0 547 

4 45X10^ 

1,000 

183 

2,250,000 

0 547 

4 45X10-* 

10,000 

183 

225,000 

0 547 

4 45X10-* 

100,000 

183 

22,500 

0 547 

4 45X10-* 

1,000,000 

183 

2,250 

0 547 

4 45X10-* 

10,000,000 

183 

225 

0 547 

0 445 

20,000,000 

183 

112 5 

0.547 

0 89 

30,000,000 

183 

75 

0 547 

1.335 

40,000,000 

183 

S6 25 

0 547 

1 78 

50,000,000 

183 

45 

0 547 

2 22S 
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the resistance, the capacitive reactance, the energy component of 
current (conductive current), and the wattless component of 
current (displacement current), flowing through a 0 026 per cent 
electrolytic solution of NaQ for a constant effective value of 
impressed voltage for various frequencies ranging from zero 
(direct current) to 50,000,000 cps The voltage impressed on 
the electrolytic solution was taken as 100 volts effective, and 
the electrodes were assumed to be of the same size as the cross 
section of the electrolyte, namdy 10 by 10 cms , spaced 10 cms 
apart * 


* Resutance of Electrolyte The conductivity of an NaCI solution having 
a cQaceatr3.U<in of 026 pec cent oc about 026 gcams NaCl pec 100 grams of 
solution IS 5 47 X 10^ mhos per on. 

The ohmic resistance of the electrolyte is given by the expression 
R s Vr f/A 

m which R is resistaoce m ohms, g the specific conductivity m reciprocal 
ohm cms / the length of the electrolyte or distance between opposing surfaces 
in cms , and A the cross sectional area in sq cms 
Substituting in this expression, we obtain for tbe obmic resistance of the 
electrolyte 

R = 1/{S 47 X icr*) X 10/(10 X 10) s U3 ohms 
Since the dielectric » a conductive solution the dielectric hysteresis loss 
will be very small m comparison with the obmic resistance loss and hence 
the total resistance will be considered composed only of the ohmic resistance 
Furthermore, the resistance will be assumed constant for all frequencies of 
current. Tbe absence of the so-called skm effect in conductors having the 
relatively low conductivity or hi^ resistivity of salt solutions of the order 
of 1 per cent concentration has already been discussed 

Capacttanee of Electrolyte The geometnc capacitance of a parallel plate 
condenser is 

C = KA/(4«i) X 1/9 X farads 


in which R IS the dielectric constant of (be dielectnc A the area in square cms 
of the plate which in this case is (be same as the cross sectional area of the 
dielectnc and d the distance in eras between opposing surfaces of the electro- 
lyte which are considered the plates of the condenser The dielectric constant 
of 0 026 per cent saline solution we will assume to be 80 
Substituting in the foregoing expression we obtain for the capacitance of 
the electrolyte 


8 9 X 10->» X 100 
4rXlO 


0 71 X l0-« farads. 


Obviously, as the frequency is increased, the proportion of the 
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total current that is productive of heat m the electrolyte decreases 
Hence, for the frequencies used in short wave diathermy, the 
reading of a senes ammeter cannot be taken as being mdicative 
of the power absorption of tissue, which electrically is comparable 



M fi) 

Fig 134 (a) Application of high ftequeacy electnc field to aa electrolyte 
Electrodes P and Pi are each / /2 cms from the electrolyte A and have 
the same area as the cross section of the electrolyte (b) ^uivaleot circmt 
of the application sbonn in (a) 

to an electrolytic solution Nor can the ammeter reading be taken 
as a guide to the duplication of treatment unless the same fre 
quency, the same sized electrodes the same load and the same 
voltage be used In a subsequent section the determination of 
power taken by an electrolyte or by any load will be discussed 

Heating by Condenser Field In Figure 134 a is represented 

Capacitive Reactance The capacitive reactance Xq due to this capacitance 
equals 1/(«C) or l/(2rt /C) or ( 225 x 10")// ohms. 

Energy and WattUss Cofnfoncnrt of Current The currenl flowing in the 
branch of the equivalent parallel circu t of the electrolyte which contams 
only resistance will be in phase with the impressed emf and hence will be 
an energy component Since the second branch contains no resistance only 
reactance the current m the first branch will be the total energy component 
of the total current taken by the electrolyte Likewise the current taken by 
the capaative branch of the equivalent cucuit is the total wattless component. 
If Is is the energy component 

la = E/R = 100/183 = 0 547 amperes 
and if Ix IS the wattless component 
Ix - 100/Xo 

The wattless component will increase with increase in frequency whereas the 
energy component will remain constant for the conditions assumed m this 
problem. 
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an electrolyte to which high frequenqr power is applied by means 
of electrodes having the same area as the cross-section of the 
electrolyte. These electrodes, Pi and P,, are placed symmetrically 
at a distance Ujl cm. from the electrolyte. The cross-section of 
the electrolyte is S sq. cm , and its length is I cm In Fig, 134-b is 
represented in simplest form the equivalent circuit of the electro- 

TABLE 43 


Constant Cwmesi oi 1 Ameesie 


Conductivity 

cm~‘) 

Powei in Watts 

10 MC 

20 MC 

30MC 

SOMC 

0 

0 

0 

0 

0 

1X10-* 

4S 

12 48 

5 6 

2 02 

2 

S4 

24 12 

n 0 

4 02 

3 

104 4 

35 2 

16 08 

5 88 

4 45 

112 4* 

— 

_■ 

— 

S 

in 5 

48 

24 68 

9 64 

S 9 



56 4* 



10 

83 2 

36 

36 0 

16 8 

13 33 

— 

— 

37 0* 

— 

20 

47 « 

41 6 

34 6 

22 4 

22 25 

_ 

— 

— 

22 48* 

30 

32 6 

30 68 

27 88 

21 52 

50 • 

19 84 

19 4 

18 68 

16 72 

100 

9 96 

9 88 

9 80 

9 54 

500 

2 00 

2 00 

2 00 

2 00 


* Indicates Muunum 


lyte and coupling electrodes. The capacitance Co is that between 
each electrode and the electrolyte. The electrolyte itself is repre- 
sented by the resistance R in parallel with the capacitance C. 
Application such as this is termed short wave diathermy by air- 
spaced electrode technic. 

The power absorbed by the electrolyte is a function of the 
frequency of the current and the conductivity and dielectric con- 
stant of the electrolyte. In Table 43 are given the computed power 
absorptions for various conductivities of the electrolyte and for 
various frequencies on the basis of constant current flow; and 
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in Table 44 similar computed power absorptions on the basis of 
constant voltage between electrodes The following dimensions 
(see Fig 134 a) were assumed for these computations S = 100 
sq cm , / = 10 cm , and Zo = 2 cm * 

• Power Absorptuin by an Electrolyte sn a High Frequency Electric Field 
When setbog up an equivalent electrical circuit to represent the impedance 
of an electrolyte to the flow of an alternating current, capacitance due to 
polarization at the boundary of the metal electrode and the solution must 
be taken into consideration This capaatance does not consbtute a pure 
condenser but rather a leaky condenser Connected in senes between the 
two leaky condensers one at each electrode, is another leaky condenser, whose 
parallel resistance represents the ohmic resistance of the electroljie and 
whose capautance is the capacitance between the electrodes, or rather 
between the inner surfaces of the polarization films with the solution as a 
dielectnc 

In this discussion let us assume that the electrodes are equal m size to 
the cross section of the electrolyte and that each is placed a distance fa/2 cm. 
from the electrolyte, whose length is I and whose cross section is S sq cms , 
as shown in Fig 134'a. 

Figt 135 shows the equivalent circuit of the electrolyte and electrodes Zi 
the impedance of each of the polarized films consisting of a leakage re- 


>? 



1 i T 


Ftc 135 Equivalent circuit of applicahon shown in Figure 134-a, inclusive 
of polarized films at the hounduy of the electrodes and the soJuboo. 

sistance Ri connected in parallel with a capacitance G, Z, the impiedance 
of the electrolyte, consisting of a capaatance C connected in parallel with 
a resistance R, which is the ohmic resistance of the electrolyte between the 
polarized films, and Zt the impedance of each of the condensers formed by 
the plate electrode and the surface of the electrolyte with the mtervemng air 
as the dielectnc, consisting solely of the capacitance G since losses in an 
air condenser are neghgible If a matenal other than air had been used 
between the plate electrodes and the electrolyte, appreciable power loss would 
have resulted Under such condibons the impedance of the condensers would 
not have consisted solely of a capaative reactance. 
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TABLE 44 


Constant Voltage or 2000 Vows 


Conductivity 
(ohm"* cm."*) 


Powti 

in Watts 


10 MC 

20 MC 

30 MC 

50 MC 


0 

0 

0 

0 

1X10"* 

13 2 

13 7 

13 S 

13 8 

2 

23 48 

26 6 

27 2 

27 S 

3 

29 6 

37 S 

39 8 

40 9 

4 72 

32 8* 

— 



— 

5 

32 72 

54 

61 5 

66 2 

9 44 

— 

65 5* 



— 

10 

2S 23 

65 4 

92 3 

117 2 

14 1« 



98* 

_ 

20 

14 64 

50 5 

92 5 

161 

23 6 


_ 


163 2* 

30 

10 04 

37 4 

75 7 

159 

so 


24 

51 5 

126 


* Indicates ilasoum 


The data of Table 43 for constant current are plotted m Fig 
136, showing the relationship existing between the two independ* 
ent variables, the conductivity and the frequency, and the de 


The total impecktice of the arcmt 

z.-{- " 


Fig 135 can he shown to be 
ZRi \ 

+«*C'R» ‘ I + «*Ci»Ri*A 
«>CR* 2«Ci^* 




^ilr) 


Ri and O ate very large wbeicas R and C aic small Theiefore, the 
foregoing expression for nnpedance may he Uplifted for all practical 
purposes to 

z R / «.»CR» ■ 

* t+«.>’C»R* ■'u+«*C«R* ^wcj 

Pcntxr Lass os a Function of CastdMtmly for Constant Current The 
power loss in the electrolyte is etpial to the effective current squared times 
the effective resistance of the electrolyte, or 


P = l* 


R 


14-.i.*C>R* 
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pendent variable, the power absorption of the electrolyte The 
locus of the points whose co ordinates satisfy the equation for 
power absorption is a surface m space If a plane is passed through 



field for coasUint cuneot. Power absorption P is plotted against conductivity g 
and frequency / Data taken from Table 43 

this surface parallel to the g P plane and intersecting the / axti 
at any given frequency, that plane wiD intersect the surface in a 
curve which represents the relationship existing between con 
ductivity and power absorption of the electrolyte for the particu 
lar frequency at which the plane intersects the frequency axis 


The ohmic resistance of the electrolyte is 

R » l/i l/S ohms 

nbeie g is the conductivity in ohm * cms ^ I the length in cms and S the 
cross secbon of the electrolyte m sq cms 
The capacitance of the parallel plate capacitor formed by the two opposing 
surfaces of the electrolyte as plates and the electrolyte as the dielectnc is 
C = KA/(4iii) farads 

when K IS (he d elecfnc constant of the eJectroljte In this discussion we will 
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Other planes may be passed through the surface in space in a 
similar manner obtaining curves of conductivdty versus power 
absorption for other frequencies. If a plane perpendicular to the 
plane of the g-axis and the f-cxis is now passed through the 
maxima of the curves just obtained, that plane will intersect the 
plane of the conductivity-axis and the frequency-axis in a straight 
line that gives the relationship that must exist between the con- 
ductivity of the electrol)de and the frequency of the current in 
order that maximum power be absorbed by the electrolyte 

In a similar manner the data of Table 44 for constant voltage 
is plotted in Fig. 137 As the frequency is increased, the power 
absorption increases. This is due to the fact tliat the impedance 
of the circuit decreases noth increased frequency, permitting a 
greater flow of current through the electrolyte for a given voltage 
By passing places through the surface obtained by plotting in 
space the corresponding values of conductivity, frequency, and 
power, curves similar to those obtained in this manner in the 
case of constant current may be determined . 

It is evident from an inspection of the curves plotted from 
the data in Tables 43, 44, that, as the frequency is increased, 
maximum heating is obtained in electrolytes of higher and higher 


assume K — 80, aad assume it coostaol for all frequencies and conduc- 
tiviUes 

Substituting these values in the expression for power aad simplifying, we 
obtain 


r.w.i 


81 X 10 ^ 

y*K* -1- 374 X 10=r* 


r 


Power Loss as a FuruUort oj Coniucihnly for Constant Voltage Impressed 
on the Electrodes With electrodes the same siae as the cross section of the 
electrolyte, the expression for power i& 


^)‘+ 324 X 10” X !■ 


where /„ is twice the distance between electrode and electrolyte, K is 80, 
the dielectric constant of the electrolyte, which is assumed constant for all fre 
quencies and conductivities, and V 15 ^e effective voltage impressed on the 
electrodes 
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concentration. If the current is kept constant, the relationship 
between conductivity and frequency for maximum heating remains 
constant regardless of air space between electrodes and electro- 
lyte. Hoivever, if the voltage is kept constant and the current is 
permitted to vary, the relationship between the conductivity of 



Fig 137. Power absorpUoa by an electrolyte in a bigb frequency electnc 
field for Constant impressed voltage Power absorption P is plotted agamst 
conductivity g and frequency / Data taken from Table 44 


Ihe solution and the frequency for maximum power absorption 
will change with change in length of air space.* 

* Maximum Power Absorption x For Constant Current By differentiating 
the expression for power absorption with respect to conductivity and 
equating the denvative to zero, the following relation for maximum power 
sbsorpb!^ IS obtained 

g = /K/2-l/(9xlO«) 

where g is the conductivity in ohm * cms / the frequency in cycles per 
second, and K the dielectric constant 
In Table 45 is given the conductivity in ohm"* cms ’ of the electrolyte 
which absorbs TnanmnTn power at vanons frequencies 
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In Fig 138 conductivity of solution is plotted against frequency 
for maximum power absorption I, for constant current, II, III, 
IV, and V, for constant voltage for ratios of length of electrolyte 
to the length of air space of 1, 5, 10, and 20, respectively By 
decreasing the length of the air space, the conductivity of the 
electrolyte having maximum absorption of power for a given fre 
quency will be increased For a frequency of 40 me , the con 
ducUvity for maximum power absorption is 18 x ohm ^ cm * 
when f/lff=l, and 22 2 x lO"* ohm* cm * when lfle=^20 
These conductivities, at the temperature of 25® C, correspond 


TABLE 4S 


Cvsa^jcnviri roa. Stuconni Powt* Assospnou 
(CoQSUnl Cumat) 


/ueps 

( m ohm ’ enu > 

lOXlO* 

00044S 

20 

00089 

io 

001335 

40 

00178 

50 

002223 

CO 

002670 

70 

003115 

80 

003560 

90 

ootoos 

100 

0OM50 


b For Constant Voltage Treating nulhematically in a similar manner 
tie expression for power absoipljoo tor constant vohage we obtain for 
tn ax un u m absorption of poner 




where K, is the dielectric constant of the «r in electrostatic units and f, 
twice the distance between the electrode and the electrolyte assuming the 
electrodes to be symmetrically placed on either side of the electrolyte. The 
other terms represent the quantitic* as given in the preceding discussion 
In Table 46 are given the computed conductivities for maximum power 
absorption for various frequencies and ratios of thickness of electrolyte to 






0 la So 


fa ao fie /aa 


Fig 138 CoDducUvity of aa electrolyte for mammum power absoiptioa in a 
high frequency electric field plotted ajaiost frequent I for conataot 
current, II, III, IV, and V for constant volUfe and constant ratio l/l,, of 5, 
with k*, the dielectric constant of materul interposed between electrodes and 
electrolyte, equal to I, 5, 10, and 20 esu, respectively 


to the foUomng concentrations of NaCl solution, 0 090 and 0 112 
grams per 100 grams of solution, respectively Obviously from 


total air space, that is, for vanous ratios of I to /•, with voltage kept constant 
between the electrodes 


TABLE 46 


CovDocnviTY Fou MAJOsnTU Powxa Absokption 
FOK VaKIOOS FsEQOnNClES AND RATIOS Ot I TO l» 
(Constant Voltage) 


/mcpa 


fi m ohm- 

‘ cms“* 


///.-I 


1/1.= 10 

l//,-20 

10X10* 

4 SX10-* 

4 72X10-* 

S 0X10-* 

5 5SX10-* 

40 

18 0 

18 SS 

20 

22 2 

EO 

36 0 

37 76 

40 

44 4 

too 

45 0 

47 2 

50 

55 5 


Id Table 47 are given the computed conductivities for majimnm power 
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this viewpoittt there is no great advantage to be obtained by 
decreasing the length of the aic space, especially in view of the 
fact that shortening the air space results m greater concentradon 
of lines of force at the electrode with consequent greater heating 
in the superficial layers of the tissue 
Heating by the Induction Field. Fig 139'a represents an 
electrolyte encircled by several turns of the flexible, insulated 
cable used for applying hi^ frequency energy by induction The 
small condensers between the turns of the coil and between the 
coils and the electrolyte represent the capacitances present The 
capacitive reactance of these condensers is inversely proportional 
to the frequency of the current impressed on them If the fre- 
quency is excessively high, leakage of current will occur between 
turns, between turns via the superfiaal surface of the electrolyte, 
and from the turns to the electrolyte, which might be considered 
capacitively grounded Such leakage is due to the potential dif- 


absoiptiOQ for various frequencies and various values of the dielectric 
constant of tbe dielectnc between electrodes and electrolyte, with voltage 
kept constant betneen the electrodes and with a constant ratio of I to If 
of 5 


TABLE 47 


CoKDUcxrvTrY rot Maxnnru Powsa Absoxptiok job 
Vasious Fbeqoenctes and Valtos or 
(CoDStailtVoltsge and Constant Ratio {/!• of 5) 


/incps 

{ in ohin“* aas 

E.»l 

K.-5 

K.-10 

e:.="20 

lOXlO* 

4 72Xl(r‘ 

S 84X10-* 

7 22X10-* 

10 OXIO-* 

20 

9 41 

11 6S 

14 44 

20 

30 

14 16 

17 52 

21 66 

30 

40 

IS 88 

23 36 

28 88 

40 

so 

23 60 

29 20 

36 10 

50 

60 

28 32 

35 01 

43 32 

60 

70 

33 04 

40 88 

50 54 

70 

80 

37 76 

46 72 

57 76 

80 

90 

12 43 

52 56 

64 98 

90 

lOQ 

47 20 

S8 40 

72 20 

lOQ 
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ference existing between these elements The resulting heating of 
the electrolyte will be partially induction heating and partially 
condenser field heating. It is desirable in this type of application 
to keep the frequency of the current at as low a value as is prac- 
ticable and the spacing between turns and between the turns of 



fA) (6) 

Fia 139 (a) Application o( a high frequency induction field to an electro- 
lyte (b) Simple equivalent circuit of application sbo^n in (a), assuming cur- 
rent leaLage through capautances sboim m (a) to be negligible 

the coil and the electrolyte suffidently great m order that con- 
denser field heating of the tissues exposed to the induction field 
will be negligibly small in comparison with the induction heating. 
We will assume that this is done, and therefore may consider the 
equivalent electrical circuit of an electrolyte, placed within a 
coil through which a high frequency current is flowing, as an 
air-cored transformer (a radio frequency transformer) with a 
secondary of one turn short-circuited through a resistance This 
resistance represents the resistance of the path of the eddy cur- 
rents which the alternating magnetic field induces in the electro- 
lyte. 

As the magnetic field of the coil alternates, electromotive forces 
are induced withm the electrolyte <ausing circular currents to 
flow therein The frequency of these induced currents will be the 
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frequency of the current flovnng m the cable These circular 
currents will not, therefore, produce neuromuscular response if 
the frequency of the exciting current is greater than those fre- 
quencies which ehat such response 

In Fig 139 b IS given the simple equivalent circiut of the ar- 
rangement shown m Fig 139 a It consists of an air cored 
transformer with a primary of 4 turns and a secondary of one turn 
shorted through a resistance R 

The electromotive force induced m any circular current path 
of the electrolyte is proportional to the rate at which lines of 
magnetic force cut this conductor and hence to the product of 
the frequency and the magnetic field intensity Expressed in sym 
bols 

E=K./<7r 

where Ki is a proportionality factor, /, the frequency, and 
the intensity of the magnetic field 
The magnitude of the resulting current flow is obviously pro 
portional directly to the magnitude of the induced emf and in 
versely to the impedance of the path Since the path is considered 
of relatively small cross section in comparison with its length, 
the impedance will consist for all practical purposes solely of the 
ohmic resistance of the path The ohmic resistance is inversely 
proportional to the conductivity of the electrolyte Hence the 
current flow will be directly proportional to the product of the 
induced voltage and the conductivity Expressed m symbols 
I = K, Eg=K, Kf f 3^ g 
where Kj is a second proportionality factor 
Power absorbed m this arcular elementary conductor of the 
electrolyte is equal to the square of the current times the ohmic 
resistance The power is therefore 

P = I*R=(K,K,/ S^gyR, 

but R = Kj/g, where Kj is a third proportionality factor Sub 
stituting and performing the indicated mathematical operations 
we obtain 

P = Ki* Ki* K»/* 3FC *g or 
P = K y* af * g watts 
where K=K,* K, 
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From the foregoing expression one concludes that, if the fre 
quency is kept constant and the intensity of the field is kept 
constant, the power absorption should be directly proportional 
to the conductivity of the electrolyte The rise m temperature of 
the electrolyte, assuming no loss of heat by radiation conduction. 


TABLE 48 


Heating oi Electrolyte by Ikdcctiov Field 
(Constant Cunent) 


m 

ConcentiAUoQ 
ui grams per 
100 grams sol 

AT 

RelaUveRise 

m/AT 

Theoretical 

Expenmeotal 

Theoretical 

Expenmeatal 

0 

0% 

0% 


_ 

0 1 

11 6 

— 

0086 


0 2 

23 1 

— 

00865 



0 27 


32 3 

— 

0084 

0 4 

46 5 

— 

0086 

— 

0 47 

» 

56 5 

— 

00334 

0 6 

70 0 

— 

0086 

— 

0 67 

— 

78 

— 

0086 

0 8 

94 0 

— 

008S 

— 

0 8a 

100 0 

— 

0085 


1 0 

118 0 

— 

00849 

— 

1 07 


126 5 


00345 

j Av 

00856 

00845 


or convection will be inversely proportional to its thermal ca 
pacity the thermal capacity bemg the product of the mass of 
the electrolyte and its specific heat 
In Table 48 are recorded the relative theoretical and expen 
mental temperature rises obtamed m an electrolyte placed within 
a coil of 4 turns using a frequency of 1 1 4 megacycles per second 
and a current of 10 amperes, which was kept constant for all 
concentrations of the electrolyte (NaCl) The time of application 
was S minutes The rise obtamed for the concentration of 0 85 
grams per 100 grams of solution (isotomc saline solution) was 
taken as 100 per cent in the case of both theoretical and expert 





Fic 140 Relative experimental and theoretical temperature nscs obtained m an electrolyte in an induction 
field plotted agaiDst concentration m grams q{ N&G per lOO grams o! solution Data taken from Table 48 
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mental values. The tempeiature nses obtained iot other toneen- 
trations nere expressed as percentages of this. Relative heating of 
the electrolyte is plotted against concentration in Fig. 140. 

The linearity existing between temperature rise and concentra- 
tion of electrolyte, assuming all other variables constant, lead to 
the obvious conclusion — that in the induction field heating is 
produced in an electrolyte in direct proportion to its concentration 
and hence to the conductivity of the electrolyte for the range of 
concentrations we are concerned with, namely from 0 to 1 per 
cent. Therefore, in the case of a body made of materials of various 
conductivities, heat will be produced at a greater rate in those 
materials of higher conductivity than in those of lower. In the 
case of living tissue subjected to the induction field, heat should 
therefore be developed primarily in the conductive and hence vas- 
cular tissues rather than in fat and other tissues of low con- 
ductivity. 

Distribution of Magnetic Field Within a Coil Applicator. The 
intensity of the magnetic field within a coil, through which a 
current is flowing, is a maximum immediately within the coil. 
Curve A, Fig. 141, shows the variation in intensity of the mag- 
netic field along a diameter of a coll of one turn, plotted in terms 
of the intensity obtaining at the midpoint on the diameter. Assume 
a cubic centimeter of a non-magnetic, electrically conductive ma- 
terial placed at the center of the coil (point P). Due to the 
alternating magnetic flux, eddy currents will be induced in the 
cubic centimeter of material and heat will be generated. The 
amount of heat generated per imit time will be proportional to 
the square of the average effective intensity of the magnetic field 
to which the specimen is subjected. For example, if the intensity 
of the magnetic field should be doubled at this point, the heat 
produced in the specimen would be quadrupled. As the cubic 
centimeter is moved along the diameter towards either side of the 
coil, it is subjected to stronger and stronger magnetic fields. The 
heat developed in it increases much more rapidly, however, than 
tbft intensity ni the magnetic fidd Curve B, Fig. 141, shows 
the variation in eddy current beating effect along the diameter of 
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a coil of one turn in terms of the heating effect at the center 
of the coil 

Hence, if the cable of the inducUon type of short wave diathermy 



Fig 141 Curve A luteasity of the magoetic field at any pomt on the 
diameter of a coil of one turn with radius R cats D cms from the center 
in terras of the intensity at the center (3C/3Co) CurveB power absorbed by 
and coDsequeatly heat developed per miit time in a cubic cm of a non 
magnetic conductive material at any point on the diameter of the coil in 
tenns of the power absorbed by the cufcac cm. o! material at the center of 
the coil (P/P.) 

apparatus is coiled snugly around the patient's body or part 
thereof heat will be produced at a faster rate m the tissues imme 
diately within the coil than m the deeper tissues which are at a 
greater distance from the turns of the coil This will occur under 
such conditions of application even though the conductivity of 
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the deeper tissues may be greater than that of the skin and other 
superficial tissues of low conductivity. The lower electrical con- 
ductivity of these superficial tissues will be more than compen- 
sated for, as regards the production of heat, by the greatly in- 
creased magnetic intensity to which these tissues are subjected. 
Since the production of heat by eddy currents per unit volume 
of a non-magnetic conductive material is directly proportional to 
the square of the effective fidd strength and to only the first 
power of the dectrical conductivity, a decrease in electrical con- 
ductivity to one quarter would be offset by doubling the intensity 
of the magnetic field. From an inspection of Curve A, Fig 141, 
this intensity of magnetic field, in comparison with the intensity 
at the center of the coil, is obtained approximately at points which 
are located about 0 8 of the radius from the center of the coil. 
All the points witlun the coil, having this intensity, lie in the plane 
of the coil and on the circumference of a circle with its center 
at the center of the coil, and with a radius equal to 0 8 of the 
radius of the coil. 

From an inspection of Curve A, Fig. 141, one observes that 
the intensity of the magnetic field does not increase rapidly until 
a point greater than 0 8 of the radius from the center of the coil 
has been reached. In order that excessive heating of the skin and 
superficial tissues may be avoided and, to use a term from the 
nomenclature of x-ray therapy, to assure a high ratio of depth 
dose to skin dose, adequate sptadng between coil and tissue must 
be provided. Absorbent towelling to a thickness of approximately 
10 per cent of the diameter of the coil, or 12.5 per cent of the 
diameter of the member about which the cable is coiled, should be 
applied before applying the cod. If a thigh 6 inches in diameter 
is to be treated, towelling providing spacing of at least ^ inch 
should be wound about the thigh before the cable electrode is 
applied. Although greater spacing nuy be employed, thereby 
assuring greater uniformity of the intensity to which the thigh is 
subjected, too great a spacing would appreciably reduce the 
coupling and hence absorption of energy. However, with technics 
now being rapidly adopted, employing low power inputs for rela- 
tively long periods of time for the purpose of inducing and main- 



444 TECHNIC OF EMCTHOTHERAPY 

taming an active hyperemia, greater spacmg may advantageously 
be used to assure more uniform field intensity and hence optimal 
ratio of depth healing to superficial heating 

When the flat pancake type coil is used, adequate spacmg 
between the cod and the patient’s skin should also be provided 
in order that high rate of heat production with consequent exces 
sive heating m the superficial tissues, due to the high field intensity 
close to the cod, be prevented 

The purpose of the foregoing discus^on is not to suggest actual 
measurement of the part to be treated and actual computation 
from such measurements of the spa<nng to be employed, but 
rather to provide reasons for introducing adequate spacing and 
to encourage the mtelbgent exerase of care in applying the mduc- 
tion field, based on a wockmg knowledge of the field distribution, 
m order that full advantage of the physiologically sound heatmg 
characteristics of the induction method of applying high frequency 
currents for generating heat m Imog tissues may be realized 

Optimal Frlqusncies for Condeksrr Field ako for In 
DUCTION Field Applicatiov Condenser Field Appltcatton It 
was shown in a foregoing part of this section that, when the con- 
denser field IS employed, maximum power absorption occurs m 
electrolytic solutions of higher and higher concentration as the 
frequency is increased A definite relationship exists between the 
frequency of the field, the dielectric conslant of the electrolyte, 
and its specific conductivity for maximal absorption of power as has 
been shown 

It was rashly concluded from such observations on physical 
phantoms that, knowing the dielectric constant and the specific 
conductivity of vanous organs and tissues m the body, frequenaes 
could be selected to elevate the temperature of these organs and 
tissues without elevating the temperature of other organs and 
tissues However, the efficieniy of the blood stream in dissipating 
heat and conveying it to other structures of the body tends to 
equalize temperatures and hence to prevent such specific heating 
Furthermore, there is no conclusive evidence to substantiate the 
claims for specific bactericidal effects of the various frequenaes 
that have been employed in short wave diathermy ranging from 



HIGH FREQUENCY CURRENTS 445 

100,000,000 to 10,000,000 cycles per second, or, in terms of the 
wavelength of the radiation emitted by the oscillators, from 3 
meters to 30 meters. 

AH of the effects that have been observed can be explained on 
the basis of heat production and the physiological effects which 
normally follow the production of heat in living tissue. Since, 
therefore, the production of heat seems instrumental in bringing 
about the results desired, a frequency of current should be chosen 
which, keeping in mind the fact that a certain frequency will 
heat more strongly an electrolyte of a given conductivity than 
another, will produce maximum heating in the vascular tissues. 
For it is in such tissues that heat is normally produced in the 
body through energy metabolism. To assure a high rate of heat 
production in such vascular tissues, relatively high frequencies 
in comparison with those employed for induction heating must 
be used Theoretically, a frequency of some 300,000,000 cycles 
per second, corresponding to a wavelength of the order of 1 
meter, woidd have to be used to bring the peak of the curve 
showing beat producUon In an electrolyte for various concentra- 
tions to the concentration of isotonic saline, 0 85 grams per 100 
grams of solution, having the conductivity of blood plasma. It is 
impractical to employ oscillators of such high frequency for the 
treatment of patients. Power required for local treatment, as 
actually measured by a high frequency wattmeter, ranges from 20 
to 12S watts; for fever therapy, from 150 to 200 watts. An oscil- 
lator capable of generating a useful power output of the order 
of 200 watts at the frequency of 300 me would be costly and of 
inconvenient size. 

Muscle tissue is heterogeneous, consisting of conductive and 
non-conductive materials, having varying specific conductivities 
and dielectric constants. Furthermore, the specific conductivity, 
or, let us say, the specific resistance or resistivity of these materials, 
is not independent of frequency. According to data compiled by 
Bierman,' conductivity of muscle for the range of wavelengths 

‘ Biennan. William The Medical Ai^catioos of the Short Wave Current 
William Wood and Co (The Williams and Wilkms Company, Baltimore, Mary- 
land) 1938 
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T\BLE 49 

ELEcraiCAL Coi.st«iTs Of Vaekk-s Tissues AT DiffERCNi FfiEQCE\ciES 
(Taken Irom data compded by Bierroan, WilUain 
The Medical Applications ef the Sheri Uore Cuneni WiUiam Wood and Co , BalU 
more Maryland 1938) 


Tissue 

ConduclivityXIOOO 
(ohm“* cms ‘) 

Dielectric Constant 
(esu) 

100X10* 

soxio* 

23X10* 

ixto* 

lOOXtO* 

SOX (O' 

25X10* 

Muscle 

a 1 

8 1 

S 1 

63 

73 8 

89 

108 

1 

d 1 

5 5 

5 2 

2 S 

78 

90 

137 

Spleen 

8 3 

^ 3 


2 7 

100 

137 


Kidney 

84 

8 4 


4 0 

90 

127 


Brain 

5 4 

3 1 

4 S 

1 4 

83 

112 

160 

Pancreas 

4 

5 4 

5 4 


67 

96 

158 

Lung 

9 




38 



Fat 

5 

0 0 

0 3 

0 37 

12 

12 

12 

Bone Marrow 

27 

0 27 

0 27 


3 

3 

7 3 

Whole Blood 

11 0 

It 0 

n 0 

7 3 

74 

89 

140 

Serum 

16 0 

16 0 

16 0 

16 0 

76 

76 

76 

Bile 

16 7 

16 7 

16 7 

16 7 

78 

78 

78 

Unne 

34 0 

34 0 

34 0 

34 0 

76 

76 

76 


3 to 12 meters (frequency 100,000,000 to 25,000,000 cps) is 
approximately 8 x 10 ^ ohm * cm * The dielectric constant ranges 
from 73 8 tolOS e s u for this range of wavelengths Table 49 
All tissues are mictoscoptc^ly inhomogeneous They consist 
of cell contents, cell walls, and intercellular substance All have 
different conductivities and dielectric constants Therefore, the 
preceding arguments on the heating of homogeneous electrolytes 
by the high frequency electric field can not be applied readily to 
the heating of tissues except in a general way If the average 
conductivity and average dielectric constant of a microscopically 
inhomogeneous substance such as blood were determined, they 
would enable us to determine the variation m power absorption 
with change m frequency only for the material as a whole The 
different components of the tissue may heat differently From 
Fig 136, which shows the power absorption of a saline solution 
of various concentrations at different frequencies, it is seen that 
the power absorption is mote uniform over the range of conduc- 
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tivity which includes those of biological importance for frequencies 
m excess of 20,000,000 cycles Hence, it would seem desirable to 
employ such frequencies when administering short wave diathermy 
by means of the electric field 

If the application of the electric field is to be made by air- 
spaced electrodes, with an air spa<^ of one to two inches between 
tissue and electrode, relatively high frequencies should be em 
ployed in order that the requisite current may be passed through 
the senes capacitive reactance, introduced by the air spaces, and 
the tissue to be treated m order to avoid the necessity of impress 
mg an excessi\ely high voltage on the electrodes Frequencies of 
the order of 40 to 50 megacycles, corresponding to radiation wave 
lengths of 7 5 to 6 meters, have been found satisfactory for this 
method of application 

In view of the fact that power absorption varies for the dif- 
ferent component elements of tissue when placed m a high 
frequency field, depending on their conductivity and dielectric 
constant, and m view of the fact that these different components 
undoubtedly differ m their ability to dissipate heat, it would 
seem possible that excessively high temperatures with consequent 
destruction might develop m certain cells or elements when tissue 
IS subjected to the high frequency electric field Such excessive 
heating and resultant destruction might not be immediately de 
tected The well known experiment of Esau indicates the possi 
bility of producing isolated heating within the body of a hetero 
geneous substance In this experiment a salt solution was dis 
persed as an emulsion in parafiin oil and exposed to the high 
frequency electric field The suspended droplets of solution boil 
away although a thermometer suspended in the emulsion indicates 
a temperature below the boiling point of water 

It would seem preferable to employ a method of application 
which would obviate the possibility of point heating In the case 
of the induction field, thd power absorption by a substance exposed 
to the field has been shown, theoretically and experimentally, to 
be proportional to the product of the square of the induced emf 
and the conductivity Let us assume that a highly conductive 
electrolyte is encapsulated withm a thermally and electrically 
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insulating membrane The power absorbed by the electrolyte, 
which will be high per unit volume because of its high conductivity, 
wiU be converted into heat and utilized in elevating the tempera- 
ture of the electrolyte If the volume of the electrolyte is large, 
the total number of lines of magnetic force which cuts it per unit 
time will be relatively large, resulting in a higher induced emf 
and more intense eddy currents with consequent greater power 
absorption But if the volume is small, the number of lines of 
magnetic force cutting the electrolyte per unit tune will be rela 
lively sn^ll with consequent low mduced emf, much less mteose 
eddy currents, and considerably lower power absorption The 
resultant rise m the temperature of the two volumes may be com 
parable With the induction field, therefore, it appears improbable 
that point heating can be obtained unless the magnetic permca 
bility of the particle is high The magnetic peimeabibty of tissues 
IS, however, comparable to that of air, and for all practical pur- 
poses may be considered unity 

In reference to the possibility of heating one component of a 
microscopically inhomogeneous matena! more strongly than an 
other in the high frequency electric field, it is pertinent to quote 
Bierman* regarding this possibility with respect to biologic ma- 
tenals 

“For biologic materials, however, the cdl dimensions are so 
small, and the thermal conductivity so great, that it is question 
able whether such differential effects can show themselves as a 
substantial temperature difference Calculations on this question 
have been made and lead to a result which would seem to make 
this possibility a very doubtful one It has been calculated for 
the case of particles of diameter S u, suspended m a watery 
medium, that a current density bdow those which would cause 
coagulation, a temperature difference of 1/100,000 degree is all 
that could be produced under optimum conditions (Krasny Ergen, 
W Hochirequenz u Eleklroak, 48 126 1936)” 

Careful expenmental work is indicated to determme definitely 

* Bitnnan William The Medical i^i{dicalion$ of Ibe Short Wave Cunent 
William Wood and Co (The WiUuunsa^Wiltins Company Baltimore Mary 
land) 193S 
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whether undesirable heating of component elements of tissue 
occurs when exposed to the high frequency electric field. 

hiduction Field Application. As has already been pointed out, 
for a given number of turns and a given configuration of the 
cable of a short wave diathermy generator of the induction type, 
the power introduced into a given load will be proportional to a 
function of the frequency times the square of the intensity of 
the current flowing in the cable, the magnetic flux density being 
proportional to the current and the number of turns in the coil. 
In order to avoid the use of excessively high currents in the cable 
it is necessary to employ relativdy high frequencies. Frequencies 
of the order of 10 to 15 megacycles have been foimd quite satis- 
factory. Such frequencies are far above those which elicit neuro- 
muscular response, and hence the only effect of the currents 
induced in the tissues of a patient is the production of heat. 
Furthermore, for adequate heating of tissues such frequencies 
make unnecessary currents in the cable greater in magnitude than 
about 10 amperes. These frequencies correspond to wavelengths 
of the order of 20 to 30 meters. 

If higher frequencies are employed, the cable tends to act hhe 
a distributed cuff electrode with current flowing from turn to 
turn through the patient’s tissues, resulting in a relatively high 
surface heating. In fact, the use of very high frequencies and 
many turns of the cable may result in the type of heating obtained 
in the electric field of air-spaced electrodes Fig 142 gives the 
construction and dimensions of a phantom that was used in an 
experiment to determine whether higher frequencies could be as 
effectively employed for induction heating as those of the order 
of 10 to 15 mgacycles. The frequency of current in this test was 
44.4 megacycles, corresponding to a wavelength of 6 75 meters 
Five turns were wound around the phantom. The concentration 
of the electrolyte was varied from 0 to 1 4 grams per 100 grams 
of solution. Current and time of application were kept constant 
for all concentrations The power absorption was determined and 
plotted as a percentage against concentration of electrolyte, taking 
the absorption of power for the concentration of 0 85 grams of 
NaCl per 100 grams of soladon as 100 per cent Curve A of 
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Fig 142 Phantom used to detennute the heating chaiactenstic oi an induc- 
tion field having a frequency of 44 4 megacycles (wavelength of 6 75 meters) 
B IS a 500 cc beaker I insulation, and IC induction cable 

Fig 143 IS the curve plotted from the experimental data An 
inspection of this curve leads one to the conclusion that it is 
made up of two curves, one due to induction heating and the other 
due in all likelihood to the electric field between the turns of the 
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cable. The curve of induction heating for constant frequency and 
field intensity is a straight line and can be constructed approxi- 
mately by drawing a straight line through the origin and the 
experimental points obtained for the higher concentrations This 
gives Curve B. If Curve B is subtracted from Curve A, Curve C 
is obtained. This curve represents heating due to the electric 
field between turns and has the form that is t5qjical of the curve 
showing the heating characteristic of the electric field. According 
to the information given in a preceding part of this section, an 
electric field having a frequency of 44 4 megacycles should produce 
maximum heating in a NaCI solution having a concentration of 
about 0.117 grams NaCl per 100 grams of solution. Curve C of 
Fig. 143 has its maximum at approximately this concentration 
This experiment provides evidence in support of the statement 
that with excessively high frequencies the heating is not pure 
induction beating but a mixture of induction heating and electric 
field heating 

Contrast the heating curve A of Fig 143 with the graph of 
heating versus conductivity shown in Fig 140 for a frequency 
of 11.4 megacycles The latter graph is perfectly linear, showing 
that heating of the electrolyte is primarily due to induction. From 
the discussion of the change in the inductance of a coil with 
increase of frequency, it will be concluded that the optimal 
frequency for induction heating should He between 10 and 15 
megacycles Experience has verified this theoretical deduction. 

Measurement of Power Output and Power Absorption. 
In spite of the voluminous literature on the subject of short wave 
diathermy, it appears that the basic principles governing the 
absorption of power by a patient subjected to treatment are not 
thoroughly or generally understood. Therefore, an endeavor is 
made in the following to discuss these principles from a physical 
point of view in order that correct conclusions may be drawn with 
respect to the power that can be absorbed by a patient undergoing 
treatment. 

It is obvious that to judge the heating power of a short w’ave 
diathermy generator, a ^owledge of the maximum high frequency 
power which can actually be introduced into a patient by that 
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generator is indispensable. The magnitude of this power deter- 
mines the maximum power available from that generator for 
treatment purposes. 

Heating power or patient* s power we shall define as that fraction 
of the total power output which is absorbed by the patient under 
treatment. In contrast to this fraction of the total power, we 
shall define as generator output the maximum power which can 
be drawn from the generator under special optimal conditions. 
Under such conditions, the load which absorbs the maximum pos- 
sible output, is said to be “matched” to the generator. The ratio 
of the heating or patient’s power to the maximum available output 
depends on the construction of the generator and on the technic 
of application. This ratio denotes the effectiveness of the machine 
as a means of introducing energy into a patient and may be defined 
as its thermal effectiveness. 

Inadequacy of Lamp Load Tests Various attempts have been 
made to measure the output power of short wave diathermy 
machines. Phantom loads consisting of lamps were used in the 
majority of these tests. Since the power rating of the lamps was 
known, the brilliancy of the lamps gave a fair estimate of the 
output of the machines Usually, the operating voltage of the 
lamps was chosen so that the phantom was “matched” to the 
generator to assure a maximum absorption of power. If we remem- 
ber the fact that the high frequency resistance of the body — for 
instance, of the thorax between the electrodes of a short wave 
diathermy machine — is on the average small in comparison with 
the resistance of the lamps (50 to 100 ohms) in the tests men- 
tioned, we can readily understand the significance of the follow- 
ing comparisons 

Suppose we have two lamps each rated at 100 watts. The 
first one is designed for a voltage of 100 volts, whereas the 
second is for only 25 volts Since the wattage consumed by a 
lamp is the product of the current passing through the lamp and 
the operating voltage, a current of 1 ampere is required for the 
100 volt lamp and 4 amperes for the 2S volt lamp to operate them 
at their rated power. This corresponds to a resistance of 100 ohms 
in the first, and a resistance of 6 25 ohms in the second lamp. 
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Suppose that we have a generator wifli a terminal voltage of 200 
volts connected to the light socket through a long line having a 
resistance of 100 ohms Now if the 100 volt lamp is connected 
to the socket, a current of 1 ampere will flow through the lamp 
The lamp will light with full bnghtness, corresponding to the 
rating of 100 watts If the 25 volt lamp is substituted for the 100 
volt lamp, the total resistance between the terminals of the 
generator will be 106 25 ohms The flow of current will now be 
1 88 amperes instead of the 4 amperes required for full bright- 
ness The voltage across the lamp will be 11 75 volts instead of 
25, and the power absorbed will be only 22 watts, although the 
lamp is rated at 100 watts In spite of the fact that in the second 
case we have only 22 watts of useful output, we must have a 
total output drawn from the generator of 376 watts against the 
total output of only 200 watts m the case of the 100 volt lamp, 
which yields a useful output power of 100 watts In the case of 
the first lamp, the load was matched to the generator, whereas 
in the case of the second lamp the load was not matched 

Similar matching of load and generator is required to obtain 
maximum output from a short wave diathermy generator The 
lamp load having a higher resistance is better matched to the 
generator than living tissue with its comparatively low resistance 
Hence a higher output is always obtained with a lamp load than 
IS obtained in clinical application 

These theoretical considerations are fully confirmed by practi 
cal experience The figures in Table 50 definitely show that the 
output of a short wave diathermy machine measured by a lamp 
load does not indicate the effectiveness of such generator in 
heating tissues The table which is taken from a publication of 
Carter,* gives the temperature rise in the deep tissue of the 
human thigh after an application of 20 minutes In these tests 
instituted under authorization of the Council on Physical Therapy 
of the American Medical Association, the input into the patient 
was always adjusted to the lunit given by the tolerance of the 
patient It should be noted that a high percentage of the generators 

’Carter H A Power MeasureraenU of Dialhermy Apparatus Arch Phj^ 
Therapy 19 699 I9S8 
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having a high lamp load output produce a rather limited increase 
of the deep tissue temperature in comparison with generators 
having a smaller lamp load output. 

It is only necessary to compare tests 8, 9, 10, 11 of the tests of 
induction cable machines, and tests 1 and 4 of the tests on gen- 
erators using air-spaced electrodes, to prove the fallacy of lamp 
TABLE 50 


Rise in Deep Tissue Teuperatuse as Coupased with the Output Measured on 
Laiip Load Phantoms under Optoiai. CONomoxs for Various SlAcmifES 



No 

Output 

Temperature 


Watts 

RisemF* 

.A Induction Coil Technic 

1 

152 

8 8 


6 

152 

6 6 


8 

450 

5 9 


9 

520 

5 8 


10 

255 

6 8 


11 

345 

5 7 


13 

40 

3 8 


14 

410 

3 0 

B CuH Technic 

1 

270 

9.0 


S 

450 

7 2 


9 

250 

5 4 


12 

420 

4 0 

C Air Spaced Technic 

1 

530 

7 0 


4 

500 

2 5 


load tests. In tests 8, 9, 10, and 11, practically the same increase 
in deep tissue temperature is obtained, between 5.7 and 5 9 degrees 
Fahrenheit, the deviation bdng only 2 per cent from the average. 
But the outputs of the machines as measured with the lamp 
method varied between 255 and 520 walls Even more significant 
are the results of tests 1 and 4 on generators using air-spaced 
electrodes. Two machines with outputs of 500 and 530 watts 
respectively produced a final temperature increase of Z.S and 7 
degrees respectively, a 270 per cent difference in temperature rise 
for two machines with practically the same lamp load outputs I 
Further confirmation of the unreliability of the lamp load test as 
an indication of the useful output of a generator may be found 
in tests 1, 5, 9, and 12 on generators using cuff electrodes. 
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The very fact that machines with apparently small outputs are 
able to produce a higher temperature increase in the deep tissue 
than machines with larger outputs indicates not only that the 
lamp load tests are without any meaning, but also that it is 
possible to build machines with small total power output but 
high thermal effectiveness. 

Measurement oj Power Absorbed by Patient. The power ab- 
sorbed by a patient for any pven generator varies widely with 
the technic of application and the part of the body which is 
being treated* The technics of application employed in de- 
termining the deep heating capadty of the various generators 
reported on by Carter were devised with the view of obtaining 
maximum input into the thigh of the subject and consequent 
high lemperaluie rise. Although under such conditions a generator 
may produce adequate deep heating, it cannot be concluded that 
such generator will be able to produce comparable heating effects 
under different conditions of application. The only dependable 
means of estliaating the actual healing power of a short wave 
diathermy generator under all conditions of application is a direct 
reading instrument which measures the actual power absorption 
in the body. Such an Instrument was described by Mittelmann *■ * 
To determine the approximate maximum heating value of a 
generator, a phantom which meets the electrical conditions under 
which the generator shall operate may be employed Since the 
power required for the healing of any part of the body to the same 
degree increases with the volume, it seems sound to choose that 
part of the body with the biggest volume as the theoretical load 
' and to establish a phantom which is electrically equivalent to it. 
Such a phantom consists of a salt solution with a conductivity 
equivalent to that of the average conductivity of power absorbing 
human tissues. Since the average diel«:tric constant of human 
tissues, is approximately the same as that of water, namely 80, to 

• Coulter, I S , aad Osborne, S L : Short Wave Diathermy in Heatiag of 
Humao Tissues Arch Phys Theiai^ 17 679.1936 

‘ Mittelmann, E • Dosimetry in Short Wave Therapy Arch. Phys Therapy 
18 613:1937. 

* Mittelmann, E , and Kobak, D • Dosage Measurement m Short Wave 
Diathermy Arch. Phys Therapy 10 725.1938 
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match the phantom with the body considered under treatment it 
IS necessary only to adjust the concentration of the salt solution. 
The equivalent conductivity of human tissues at high frequencies 
is the conductivity of a NaCl solution of 0 2 per cent concentra- 
tion.^' *' * One of the main objections to the use of lamp load tests^ 
even if lamps with very low resistances are used, is that lamps do 
not have the capacitive component of the body, and hence their 
impedance cannot be made to match that of the body. 

To determine the relation between the maximum available 
power output and the heating power, or power absorbed by the 
patient, a number of machines were investigated. The heating 
power was determined by measuring the rise in temperature of 
an electrolytic phantom after a definite time of application A 
volume of 3500 grams of salt solution was used in the tests. The 
time of application of power was the same in all tests, namely, 3 S 
minutes. 

For purposes of comparison (he effectiveness as defined in the 
foregoing paragraphs was calculated in each instance by dividing 
the real therapeutic power by the maximum power output as 
measured by the lamp load test On the average, the effectiveness 
was yi to fi. Hon ever, it is by no means impossible to develop 
a generator having a thermal effectiveness which approaches the 
value of unity. (See test number 4 in Table SI.) 

The measurements of patient power were carried out under 
optimal conditions, making such modification as to spacing, turns 
and size of electrodes as to obtain the maximum output. The values 
so obtained indicate the maximum heating power which can be 
obtained under optimal technics of application They must not 
be interpreted to mean that such power absorptions can be ob- 
tained in every treatment application. The actual power absorp- 
tion in clinical practice is usually but a fraction of these maximal 

’Thomson,!? L rnienii[CoaiiuclmtyafI<hasnttabIeSIiisc!e,J Pbysial 
65 214 1928 

•Bozler, E., and Cole, K. S Change of Alternating Current Impedance of 
Muscle Produced by Contraction. J OIL 8c Comp Physiol , 6 229 1935 

• Rajewski, B H., Oaken, H., and Schaefer, H HockfrequenzleitfahigLeit 
Biologischer Gewebe im Wellenlangenbereich von 3 bis 1400 Meter Naturwis- 
senschaften, 25 24 1937. 
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values and depends on the geometncal and electrical dimensions 
of the part treated as well as on the patient's tolerance In Figure 
144 the useful or absorbed power from a short wave diathermy 
generator, utilizing the electromagnetic induction principle for 
heating,^” “ is plotted against the volume of an electrolytic phan- 
tom of 0 2 per cent concentration The power absorption was 

TABLE 51 


pATiENr PowxR Measured Bv Cau)riu£tsic lilirmoos on ELECTROLvnc Phantoms 
AS COltPARED TOTH THE MaXIUUM VvAILADEE OuIPUI MEASURED ON LaMP 
Loads cnoes Optiwai Conditions foe Various Machines 


No 

Masimuin 
Power Out 
put Lamp 
Load 

Technique 

Patient 

lower 

Electrolyte 

Phantom 

Thenaal 

ESec 

Per Cent 

t 

340 watts 

pancake co 1 

109 watts 

32 0 

2 

430 watts 

cable, 3 turns 

236 watts 

S3 0 

3 

196 watts 

dat coil 

III watts 

56 5 

4 

202 watts 

cable, tuns 

197 watts 

97 0 

5 

320 watts 

flat coil 

42 watts 

13 2 

6 

325 watts 

cable, 3 turns 

183 watts 

56 0 

1 

325 natts 

pads 

105 watts 

32 S 

8 

320 watts 

pads 

S8 watts 

17 8 

9 

475 watts 

air space 

223 watts 

48 0 

10 

420 watts 

cufl 

82 watts 

19 3 

11 

530 watts 

air space 

143 watts 

36 5 

12 

270 watts 

cuff 

137 watts 

50 5 

13 

470 watts 

pads 

242 watts 

51 5 

14 

480 watts 

pads 

260 w alts 

54 0 


measured both by calorimctnc and by direct reading methods 
The power absorption increases with increasing volume until the 
limit of the available heating power is reached, and from then 
on the power absorption remains practically constant Power 
absorption obtained ivilh different technics of application are 
shown by the curves i [ 

"Mem/nao / R anclHofmquest tLJ andOsbome S L. \Scv/ Method 
of Producing Heat in Tissues The InduclotheriD Am Tour Med Sciences 
187 677 1934 

“ Ho5mquest H J and Marshall J G Inductothermy Its Physical Basis 
and Technique of Application Bnt Jour Pbys Med 4 70 1936 
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The misleading use of the term “output power,” meaning by 
this magnitude the total available output of a generator, has 
been and still is responsible for false conclusions as to the heating 
effectiveness of short wave diathermy generators Various meas 
urements indicate that the wattage used in clinical practice is 
relatively small m comparison with the output power The 



Watt 

ZOO 


100 


Fig 144 Cunes showing the useful or absorbed power from a short wave 
djathenny machine as compared with ihe volume of an electrolytic phantom 
of 0 2 per cent concentration Application was made by means of the 
induction field 

maximum power absorption which can be tolerated by a patient 
during a continuous local treatment is about 100 to 120 watts 
applied to large parts of the body Effective fever therapy can 
be administered with generators having no more than about 200 
watts total output power but having a high thermal effective 
ness The thermal effectiveness, or ratio of patient power to total 

“Kowarschik J Dosage Measurement in Short Wave Diathermy Arch 
Ph>s Therapy 20 208 1939 

“Mittelmann, E and Kobak D Dosage Measurement m Short Wave 
Diathermy Arch Phys Therara' 19 725 1938 
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available power, depends on the construction of the generator 
and the technic of application In other words, the construction 
of a generator and the technic of application will determine 
whether a smaller or larger total power is necessary to obtain 
the same amount of power absorption m a patient 
Measurement of the Power Absorbed by the Body Under 
Treatment To determine the heating power of a generator under 
actual working conditions, it is necessary to employ methods which 
measure the actual power absorbed by the body, regardless of 
the construction of the machine and the technic of application 


TABLE 52 

Tucb op Exposusz ai.o Powtb Absokphom po» pAiiErfT’s Touxance wits 
Gehexatobs miH Dhtebent Ouipejs 



Output Walt 
(Lamp Load) 

Absorbed 

Power Watt 


MM 

450 

158 

■mi 


202 

154 


HI 

J-’S 

162 

HdH 


An instrument which measures power absorbed immediately 
answers the question whether the generator under consideration 
meets the heating requirements or not, regardless of which output 
powers are claimed as the mammal output 

Provided the techmc of application is not changed, the pnmary 
effect IS governed solely by how much power is absorbed by the 
body For similar effects this power absorption must be the same 
whether it is achieved with a short wave diathermy generator of 
IQQO or with one of only 200 watt output To demonstrate the 
fact that for a given effect the power absorbed is the same for 
machines of different maximum available outputs, the following 
test was performed Three turns of the mduction cable were 
appbed to the thigh of a subject, and the power absorption 
measured by means of a high frequency wattmeter ** The power 
input mto the thigh was adjusted so that the patient’s toler- 

“llittclmann E., and Kobak D Dosage Measurement in Short Wave 
Diathenay Arch. Phys Therapy t9 725 1958 
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ance was reached in about 2 minutes. This test was repeated 
with diferent machines. The results tabulated in Table 52 show 
that for the same effect, namely, reaching tolerance of a patient 
in 2 minutes, there is no difference between the input powers of 
the different machines regardless of the claimed output. Tests 
with other machines employing air-spaced and pad electrodes 
gave similar results.** 

In this test the wattmeter was calibrated for each machine 
The theory of the instrument and the procedure of the calibration 
are given in a later section of this discussion. The instrument has 
beneath the indicating meter a resistance with a calibrated dial. 
The figures on the dial are the same as those on the scale of the 
indicating instrument. Before applying the cable to the patient, 
the generator is switched on with the output control at lowest 
setting, and the output slowly increased until the pointer of the 
meter reaches full scale deflection. The patient is then introduced 
without changing the output control The deflection of the meter 
will decrease. The pointer of the dial is now set to correspond 
with the reading of the instrument. The instrument is now con- 
verted into a direct reading wattmeter, measuring the power 
absorbed by the patient. The output control can now be adjusted 
at will and the meter will always read the actual power absoiption. 
The results of the measurements (Table 52) are in agreement 
with previous measurements. In the previous measurements the 
power correspondmg to the patient’s tolerance was practically the 
same for the various machines tested, namely, about 100 watts, 
whereas the marimum power output of the generators as measured 
by a lamp load varied between 2 10 and 700 watts. 

Corrdation of Power Absorbed with Temperature Rise in Deep 
Tissue. Three turns of an inductance cable were wound around 
the thigh of a subject and high frequency power was applied for 
twenty minutes Every five minutes the temperature in the deep 
muscle was measured by means of a thermocouple, employing the 
method of measurement described by Mortimer and Osborne ** 

” Mittelmann, E., and Kofaak, D; Dosage Measurement in Short Wave 
Diathermy Arch Phys Therapy 19 725 1938 

B, and Osbonjc, S L’ Tissue Heating by Short Wave Dia- 
thermy. JAMJL 104.1413 1935 
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Fic 145 Computed and measured tmuperature nse in the deep tissues of 
the thighs of living subjects ComputaUOQ of temperature nse was based on 
wattage absorbed as indicated by a high frequency wattmeter 

(a) Patient J T age 23 wei^t 162 pounds Approximate volume of 
thigh surrounded by cable 5800 cc Power absorption 74 watts during the fint 
S minutes 8S waits during the penod 5 20 minutes 

(b) Patient R McG age 37 wci^t 149 S pounds Approximate volume 
of thigh surrounded by cable 3280 cc Power absorption 88 watts 
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From the indicated wattage input and the approximate volume of 
the thigh within the coiled cable, the temperature rise in the 
tissue for each 5 minute penod was computed Tests on various 
subjects were conducted Figures 145 a and 145 b are representa 
tive of the results obtained Not only is the remarkably close 
agreement between measured and computed rise in temperature 
worthy of note as evidence of the reliability of the wattmeter 
employed as an indicator of the actual heating power of a short 
wave diathermy generator, but also of significance is the fact that 
adequate heating is obtained with relatively low wattages, final 
temperatures of the order of 106“ F with power inputs of the 
order of 80 watts being obtained 

Theory of the Mtttchnonn Wattmeter The total power de 
livered by a short wave diathermy generator is divided into two 
components, namely, the patient’s power and the radiation losses 
Both are subject to wide variation accordmg to the technic of 
application, electrodes, air space number of turns in the case of 
the induction cable, and the current fiow and its frequency of 
oscillation A determination of the amount of the absorbed 
energy is possible only if components of the total power output 
are separated ” Figure 146 a shows schematically the object sur 
rounded by the treatment cable of an induction type short wave 
diathermy machine * Electrically this corresponds to the circuit 
in 146 b, where the resistance Rp represents the equivalent loss 
resistance of the patient, coupled by a single turn to the primary 
of a high frequency transformer The resistance Ro represents 
the radiation losses and the losses caused by other components 
not taking part m the heating of the object These losses are 
independent of the object Every resistance in the secondary of a 
transformer can be converted into an equivalent resistance in the 
primary, which will absorb the same power as the resistance in 
the secondary which it replaces Let us therefore replace Rp with 
Its equivalent primary resistance R'p Fig 146 c 

"Mittelmann E Dosimetry in Short \Va%e Therapy Arch Phys Therapy 
IS 613 1937 

• This also represents schematically a clinical application such as the 
application to the thigh of a patient 
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Assuming a resonant condition in the load circuit, the voltage 
across the primary coil will be proportional to the magmtude of 
the total equivalent primary resistance which is considered to be 
in parallel with the terminals This resistance represents the total 



Fig ]46 (a) Scbenutjc representaUoo of load coupled to mducUace cable of 
a short -NTave diatbenny generator SWDG (b) Equivafeot electncal arcmt of 
146-a. R. represents radiation and other fosses, R», the equivalent loss resist- 
ance of the patient, which u considered coupled by a single Uira to the primary 
of a high frequency transformer (c) Electncaf equivalent of arcuit of 146 b 
R'» represents resistance in primary connected in paraJJeJ with R., which is 
equivalent to R# 

losses Let us consider first the no load condition We can then 
write 

I' 

where fe is a porlionality factor, the value of which is determined 
by the coupling of the load circuit with other circuits, and which 
IS assumed to be lept constant. 
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After the introduction of the object the primary equivalent 
resistance is made up of Ra and R'» in parallel. Then \ve have 


la. 


-= A 


R'pRg 

R'p + Ro 


where Ep denotes the value of the reduced voltage after the 
introduction of the object. Substituting E# from equation 1 for 
^Ro in equation la^ we obtain 


2 . 



or if we express R'p and R« in terms of their corresponding 
conductances, ie., R'pwl/G'p and Ra=sl/G9, equation 2 
becomes 


2a. 


G'p 


. Ep-Ep 
Ep 


The value of the patient's equivalent conductance thus being 
determined, the power absorption for any voltage £ is given by 
the product E* G'p, in which E is the effective or root mean square 
value of the voltage. If G'p is known, then the power absorption 
can be determined by the measurement of the square of the 
effective voltage. If both E<. and Go are constant, the value of the 
equivalent primary loss conductance GV, introduced by the 
patient into the drcuit, will be determined by the magnitude of 
the voltage Ej. across the terminals of the coil after the intro- 
duction of the patient. Thus we can express the ratio of G'p to G# 
in terms of Ep. If we measure the voltage across the terminals by 
a thermocouple suitably coupled to the terminals, the direct cur- 
rent voltage developed across the d.c. terminals of the couple 
will be proportional to the quantity E*. When using a gal- 
vanometer to indicate the magnitude of the d c. voltage of the 
thermocouple, the deflection of the meter will be D=AcS., 
denoting by e the d.c. voltage of the couple, by S the sensitivity 
of the meter, and by A the proportionality factor. If we vary S 
in such a way that it shall be ^ways proportional to the value 
of the equivalent primary loss conductance introduced by the 
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patient, the meter will read the power absorbed by the body The 
sensitivity of the meter can be easily varied by means of a 
variable resistance in parallel with the galvanometer 
To calibrate the instrument it is only necessary to introduce 
into the coil an electrolytic phantom matching the electrical 
properties of the body The procedure is as follows Set sensi 
tivity control dial at maximum setting, thereby introducing entire 
resistance of sensitivity control in parallel with the galvanometer 
Then observe the voltage E<. at a reduced output setting of the 
generator and without the phantom in the coil By means of the 
output control of the generator, Eo is varied until the pointer of 
the meter teaches full scale deflection, which corresponds to E*o 
The phantom, the thermal capacity of which is known, is intro 
duced The temperature of the solution and the reduced deflection 
of the meter which now corresponds to E%, are noted The 
phantom is subjected to the field for n minutes using any desired 
setting of the poaer control At the end of the run the tempera 
ture is measured carefully and the rise in temperature computed 
If the temperatures are measured in F'*, the power absorbed in 
watts IS equal to 

38 8 X temperature rise X volume in liters 
time m minutes 

If the time of run m minutes is always chosen numencally equal 
to the volume of the phantom in liters, the graph in Fig 147 
can be used for the quick determination of power absorption 
After the power absorption is known, the output control is 
readjusted if necessary, until the meter indicates the same deflec 
tion as during the test The parallel resistance of the meter is 
now varied until the meter deflection indicates the same value of 
poner absorption as obtained by the calonmetric measurement 
Several points of the scale are calibrated in the same way Varia 
tion in power absorption can be obtamed by varying the geometric 
position of the phantom m the magnetic field as well as by 
varying the power control of the generator The load circuit must 
always be adjusted for resonance, however 

If we plot the values of the parallel resistances corresponding 
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to the deflections indicating the value of for various loads, we 
obtain the calibration curve of the meter, Fig. 148. The accuracy 
of the calibration is then checked by measurements carried out 
with the phantom The deviation between meter reading and 
calorimetric determination of power absorption must not e.TCeed 
5 per cent. For convenience, the plotting of the calibration curve 
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Fic 147 Graph for detemumog power absorbed by phantom dunog cah* 
bration of wattmeter from temperature nse of electrolyte, assuming Ume of 
application to be equal in imnutes to volume of phantom in liters 


is not in terms of resistance values against meter deflections, but 
rather in terms of resistance dial settings against meter deflections 
Since the value ol the equivalent conductance in the primary 
varies with the transformer ratio, calibrations were made for 
1, 2 , and 3 turns of the inductance cable Calibration curves are 
given in Figure 148. Dial setting are plotted against correspond- 
ing meter deflections after the introduction of the phantom into 
the field. 
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Determination of Useful Output and Heating Char- 
acteristics or Short Wave Diathermy Generators The 
measurement of the total power that a short wave diathermy 
machine is capable of introducing into a given part of the human 



la 148 CaLbration curves of meter for 1 , 2 , and 3 toms of induction cable 
Electric circuit of lugb frequency wattmeter is also shown 

y is not sufficient information on which to base an estimate 
fwe effectiveness of that machine as a means of heating tissues. 
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Not only the maximum power that can be introduced but also the 
distribution of heating within the tissues must be known to arrive 
at a valid estimate of the general effectiveness of short wave 
diathermy machines Obviously a machine which delivers the 
necessary useful power but which heats fat or other non- 
conductive tissue excessively, is not a satisfactory machine for 
the treatment of patients In fact, the purpose of short wave 
diathermy, and to be sure, the only justification for its use, is to 
provide a means whereby heat may be introduced into deep tissue 
without heating excessively fat and superficial tissues. In an effort 
to minimize heating of the superficial and fatty tissues, shorter 


TABLE 53 
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and shorter wavelengths and increased air space are being em- 
ployed by users of the condenser field method of applying high 
frequency energy for therapeutic purposes It has been our ex- 
perience that this objective, namely, the production of heat 
primarily in conductive and hence vascular tissues, can best be 
achieved by means of induction beating 
The Council on Physical Therapy of the American Medical 
Association bases its acceptance of the deep heating abihty of a 
machine on temperature measurements in the thigh of a human 
subject.^* “• It becomes inconvenient and not altogether devoid 

“ Mortimer, B , and Osborne, S L. Tissue Heating by Short Wave 
Diathermy. J A.hLA 104 1413 1935 

* Coulter, J S , and Carter, H A,’ Heating of Human Tissues by Short 
Wave Diathermy JA.MA. 106 2063 1936 
"Counal on Physical Therapy, AM A. Apparatus Accepted p 21* 1940 
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of the possibility of uotovvard results to make a routine practice 
of this method of test Furthermore, although under the con 
ditions of this test a generator may demonstrate adequate deep 
heating, it cannot be concluded that such generator will be able 
to produce comparable heating effects under different condi 
tions of application Because of arculation changes, the final 
tissue temperature at the end of the usual twenty minute period 
of application cannot be considered as a criterion for classifying 
short ^ave diathermy generators By such criterion a machine 
of high useful power output may be rated lower than one which 
in reality is less efficient ** In Table 53 are given the tempera 
tures obtained m the thigh of a subject at five minute intervals 
with two different power inputs, both of which produced however 
approximately the same final temperature It is to be noted that 
the higher power input produced no greater final rise than did 
the lower but did hoTvever produce marked modification in cir 
culation as evidenced by the deviation of the temperature time 
curve from a straight hoe 

Holmquest and MiUelmann** decided to determine whether a 
physical phantom could be devised which would have approxi 
mately the same power absorption as the human thigh and which 
would also give an indication of the relative heating of conductive 
and non conductive tissues for various short wave diathermy 
machines and methods of application The thigh was chosen as 
the part of the body for which to devise a phantom because of 
the extensive work already done by various investigators to deter 
mine the actual temperature rise in this part of the body for 
various technics of applying the high frequency energy of short 
wave diathermy apparatus ** ** *• 

"Kowarscht J Dosage Measurement m Short Wave Diathermy Arch. 
Phys Therapy 20 203 1939 

“Mittelmann E and Holmquest H. J The Useful Poiver Output of 
Short Wave Diathermy Apparatus Quart Bull Ivorthweslem University 
Med School 14 172 1940 

“Holmquest H. J and 3iIiUetmana E. A Phjsical Method of Deter 
nuQing the Useful Output of Short tVavc Diathermy Apparatus Quarterly 
Bull Northwestern Univers ty Med School 15 255 1941 

“Mittelmana E and Holmquest H. J The Useful Power Output of 
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The problem was then to devise a physical phantom which 
aid have the power absorption of the average living human 
jh and which would give an indication of the relative heating 
conductive and non conductive tissues such phantom to be 
d with a high frequency wattmeter whereby the power absorbed 
the phantom could be measured 

rhe phantom was constructed as shown in Fig 149 A A and 
3 are two glass cylinders which were cemented into a Bakelite 
;e C The dimensions of the component parts and their arrange 
nt are as indicated It was decided to use 3000 cc of isotonic 
me (concentration 85 grams of MaCl per 100 grams of solu 
n) as the electrolyte within the inner cylinder to represent 
: vascular tissues of the thigh, and a vegetable oil between the 
ler and outer glass cylinders to the same level as the electro- 
e to represent the subcutaneous fat and other non-conductive 
nponents of the thigh It was thought that the thickness of oil 
ployed was too great to represent fairly the subcutaneous fat 
the average thigh, but after measurements of power absorption 
the phantom and by the human thigh it was concluded to use 
i phantom as originally devised and as shown in Fig 149 
lese investigators admit that subsequent work may suggest 
nor modifications of the phantom so far as dimensions are 
icemed to assure even closer approximation to the average 
man thigh The measurements of power absorbed by the 
antom and by the average human thigh for the machines tested 
d the technics of application employed were sufficiently close 
r all practical purposes, however, to justify the use of the 
ggested phantom and associated apparatus for the test of short 
ive diathermy generators Figure ISO is a diagrammatic draw 
g of the apparatus as arranged and connected for the test of an 


ort y\a\e Diathermy Apparatus Quart Bull Northwestern University 
ed School 14 172 1940 

Mortimer B and Osborne S L. Tissue Heating by Short Wave 
athermy JAMA 104 1413 1935 

Coulter J S and Carter H A iTi» q Hn g of Human Tissues by Short 
ave Diathermy JAMA, 106 2063 1936 



Fic 149 Dimensional drawing of phantom employed m investigation by 
Holmquest and ^littelmann A A and B B, glass cylmders C, bakelite base 
into which cylmders are cemented by means o{ bakelite cement or other 
tlectncally non conductive cemmt which is impervious to electrolyte and o3 
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Fig 150 D agrammatic drawing of phantom and associated apparatus as arranged and connected for test of induction 
field short wave d athermy generator (Machine 1) E 3000 cc isotonic saline solution (concentration of 85 grams 
NaCl per 100 grams of solution) 0 vegetable oil Tj and T, thermometers placed in electrolyte and oil respectively 
C C coupl ng condensers for connectmg bgh frequency wattmeter W to cable applicator of diathermy machine 
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induction type short wave diathermy machine E denotes 
isotonic saline solution, O, vegetable oil T, and Tj thermome 
ters placed in electrolyte and oil, respectively C C, coupling 
condensers for connecting wattmeter W The wattmeter v\as call 
brated as described elsewhere The machine under test, designated 
Machine 1, was adjusted for maximum power absorption by the 
phantom, and temperature readings in electrolyte and oil were 
taken every five minutes A twenty minute run was decided upon 
since that is the time of application used in the tests made on the 
human thigh, which tests have been previously referred tt> ** 
Before temperature readings were taken, electrolyte and oil were 
stirred The average power absorption during the twenty minute 
application was measured by means of the wattmeter 
A determination was made of the maximum power that the 
generator could introduce into the human thigh Five determine 
tions on different subjects were made and the average power 
absorption computed The number of turns the spacing between 
turns and the diameter of turns of the cable were kept the same 
as in the test with the phantom 
From the dimensions specific heat, mass, and volume of the 
electrolyte, the oil, and the glass cylinders, the power input into 
the phantom was estimated for the final temperature rises ob 
tamed m the electrolyte and ovl Iw Table 54 are summarvied the 
various measurements and compulations obtained with Machine 
No 1 

In Fig 151 the temperature rises obtained are plotted against 
time The temperature nsc of the electrolyte which simulates 
vascular and other electrically conductive tissues with respect to 
electrical conductivity, was greater than that of the surrounding 
oil representing the subcutaneous fat and other non-conductive 
tissues of a thigh At the end of the twenty minute run the rise 

'Mortimer B an3 Osborne S L Tissue Heating by Short Wave 
Diathermy JAAIA 104 1413 193S 

“ Coulter J S and Carter H A Heating of Human Tissues by Short 
Wave Diathermy JAMA 106 2063 1936 
"Council on Physical Therapy AM A. Apparatus Accepted p 21 1940 
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in the temperature of the electrolyte was approximately twice that 
of the oil. The curvature of the temperature rise-time curve for 
the oil indicates that the rise in temperature of the oil was 
primarily due to conduction of heat from the electrolyte to the 
oil and not to the conversion of electrical energy into heat within 
the oil itself. This also simulates the beating of fat within the 
living body, for it is only by conduction of heat from the blood 
and the Ussues in which oxidation takes place that fat is warmed. 

The close agreement between the maximum power absorption 
of the phantom and the maximum power it was possible to intro- 
duce into an average adult thigh indicates that from an electrical 

table 54 



viewpoint the phantom represents the adult human thigh suf- 
ficiently close for the purpose for which the phantom was devised 
The calculated power absorption agreed well with the measured 
power input, but based as it was on certain assumptions as to 
increase in temperature of the ^ass cylinders, the calculated power 
absorption can be considered only an estimate 
The second machine tested was a short wave diathermy machine 
designed for the use of air-spaced electrodes. Five-inch electrodes 
were placed on opposite sides of the phantom as indicated in Fig 
152. The procedure of test was similar to that already described. 
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Fic 153 Condenser field — Machine 5 Average temperature rise in phantom 
for maximum power absorption of 52 watts 
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of the generation of heat in the body is concerned A point to be 
noted is that in the case of Machine S the maximum power it was 
capable of introducing into the phantom was 52 watts and into 
the thigh 54 5 watts, although its maximum available output as 
measured by a lampload, having its impedance matched to that 
of the machine, was 375 watts, whereas in the case of Machine 1, 
131 watts were introduced into the phantom and 128 4 watts 

TABLE SS 



into the thigh although lampload watts were only 202 The ratio 
of useful power absorbed by thigh or phantom to maximum 
available power as measured by a matched load, was approxi- 
mately 0 145 for Machine 5, using condenser electrodes, and 
0 65 for Machine I, using induction coil These results are 
further confirmation of the previous conclusions that power 
measurements of output of short wave diathermy generators by 
means of a lampload are of no value whatsoever as indicators of 
the amount of power such generators are capable of introducing 
into a patient 

Similiar determinations were made of the power output and 
heating distribution of four additional generators, one utilizing 
the condenser field and three the induction field The procedure 
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of the generation of heat in the body is concerned A point to be 
noted is that in the case of Machine S the maximum power it was 
capable of introducing into the phantom was 52 watts and into 
the thigh 54.5 watts, although its maximum available output as 
measured by a lampload, having its impedance matched to that 
of the machine, was 375 watts, whereas in the case of Machine 1, 
131 watts were introduced into the phantom and 128.4 watts 


TABLE 5S 



into the thigh although lampload watts were only 202 The ratio 
of useful power absorbed by thigh or phantom to maximum 
available power as measured by a matched load, was approxi- 
mately 0 145 for Machine 5, using condenser electrodes, and 
0.65 for Machine 1, using induction coil. These results are 
further confirmation of the pre\dous conclusions that power 
measurements of output of short wave diathermy generators by 
means of a lampload are of no value whatsoever as indicators of 
the amount of power such generators are capable of introducing 
into a patient. 

Similiar determinations were made of the power output and 
heating distribution of four additional generators, one utilizing 
the condenser field and three the induction field The procedure 






Fig 154 Relative heating of electrolyte and oil by induction and condenser 
field methods of applying short wave diathermy 


of test was as already described The results are summarized in 
Table 56 For all the machines using the induction field, the rise 
in temperature of the electrolyte was approximately twice that in 
the oil, whereas in the case of those machines empfo 3 ang the 
condenser field the ratio was less than one third In Figure 154 
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the ratio of temperature rise in electrolyte to that in oil is plotted 
against time for machines I to 4, which use the induction field, 
and the reverse ratio for machines 5 and 6 with which the con- 
denser field is employed These curves indicate that the final 
temperature of the electrolyte is under all conditions higher than 
that of the oil when using the induction field, whereas the reverse 
is true when using the condenser field 
From a consideration of the foregoing data and information, 

TABLE 56 



* IS muiutc ipplxatMa The rcjt 20 nunuUs 
*' S<( Flc 154 let eztnpoUuoD to 20 nunutn 


one concludes, first, that a phantom of the type described should 
be used for testing short wave diathermy generators; second, that 
a short wave diathermy machine to be adequate for the full range 
of short wave diathermy treatments should be capable of intro- 
ducing not less than 100 watts into this phantom; and third, that 
the rise in temperature of the oil of the phantom should not exceed 
the rise in temperature of the electrolyte for the same initial 
temperatures of the eIectrol 3 de and oil. 

Summary. There are two methods in practice of applying high 
frequency power to tissue for treatment purposes, one, by means 
of the high frequency field such as exists between plate electrodes, 
with or without an air space between electrodes and skin; and 
the other, by means of the high frequency magnetic field, which is 
set up by the high frequency current flowing through a coil which 
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is wound around the part to be treated, or wound into a flat “pan- 
cake” type coil and placed over the tissues in which it is desired 
to generate heat. 

Much investigative work has been done to determine the heat- 
ing characteristics of these two methods of application It has 
been shown that with the hfeh frequency electric Geld heating 
depends on the specific conductivity of the electrolyte exposed to 
the field and rises to a maximum for a certain conductivity As the 
frequency of the field is increased, the conductivity at which 
maximum heating occurs increases There has been shown to be 
a linear relationship between frequency and specific conductivity 
for maximum heating For a frequency of 10 megacycles (wave- 
length of 30 meters) maximum heating occurs in a NaCl solution 
having a specific conductivity of 5 47 (in 10 * ohm"' cms or a 
concentration of .0045 gram mols per liter or 0263 grams per 100 
grams solution ”• "■ ” Since for dilute solutions conductivity is 
proportional to concentration, we can determine readily the ap- 
proximate concentration of NaCI solution in which the rate of 
heat production would be greatest for various frequencies 


Frequency Concentration for Maximum Heating 

10.000. 000 cycles/sec .0263 grams/100 grams solution 

20.000. 000 0526 

30.000. 000 0789 

40.000. 000 .1052 

50.000. 000 1315 


The concentration of NaCl solution having the conductivity of 
blood plasma is 0 85 grams per 100 grams solution In order that 
heat be produced dominantly in the vascular type of tissue, where 
heat is normally produced through energy metabolism, a very 


" Hosmer, Helen Heating Effects Observed m the High Frequency Static 
Field Science 68 S2S 1928 

“McLennan, J C, and Burton, A C ITie Heating of Electrolytes m 
High Frequency Fields Canadian! I^rch. 3 224 1930 
“ McLennan J C , and Burton, A. C * Selective Heating by Short Radio 
Waves and Its Application to Electrotherapy Canadian J Research. 


^ “DeWah, K. C A Study of High Frequency Heating Electronics 
November, 1932 
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high frequency must be employed. It must not be inferred from 
the foregoing, however, that, knowing the approximate specific 
conductivity of various organs in the body, frequencies could be 
selected to elevate the temperature of these organs without ele- 
vating the temperature of other tissues and organs The efficiency 
of the blood stream in dissipating heat and conveying it to other 
structures of the body tends to equalize temperatures and hence 
to prevent such specific heating 
But if heat can be generated in the tissues where nature 
intended it to be generated, namely, the vascular tissues, and so 
bring about and maintain an active hyperemia, it is obvious that 
such a method of applying heat for therapeutic purposes should 
be preferred. 

Let us now consider the second method of applying high fre- 
quency energy to the tissues of a patient Experiments have been 
performed showing that the induction field generates heat in an 
electrolyte in direct proportion to the conductivity of the electro- 
lyte”'” Fig 1 55 Such a field should produce heat dominantly 
in vascular tissue Actual measurement of temperatures obtained 
in the deep tissues of living subjects have confirmed this the 
oretical deduction ”* ” 

From time to time claims are made for specific biologic and 
bactericidal effects of various frequencies Careful investigators 
here and abroad seem today agreed that the only demonstrable 
effects of short wave diathermy are the production of heat and 
the physiologic effects that normally follow the production of 
heat in tissue ** Hence that method of applying short wave 

** Memman, J R,, Holmquest, H J , and Osborne, SLA New Method 
of Producing Heat m Tissues Tlie Indudotberm Am Jour Med. Sciences 
187 677 1934 

“Holmquest, H. J, and Marshall, J G Inductothenny Its Physical 
Basis and Tec^ique of Api^icaiiou. Bnt Jour Phys Med 4 70 1936 
"Mortimer, B, and Osborne, S L Tissue Heating by Short Wave 
Diathermy J A M A. 104 1413 1935 
" Coulter, J S., and Osborne, S L Short Wave Diathermy A Compara 
Uve Study m Pelvic Heating Arch Phys. Therapy 17 13S 1936 
" Curtis, W E , Dickens, F , and Evans, S F The “Specific Action” of 
Ultra Short Wireless Waves, Nature 138 63 1936 
“ Coulter, J S , and Osborne, S L Physiologic and Oinical Effects of 
Short Wave Diathermy Jour Med, Cincinnati, Ohio 18 283 1937 
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diathermy which develops heat primarily where oxidation pro- 
duces it naturally in the human body, thereby inducing and main- 
taining an active hyperemia and permitting the wanned drcu- 
lating blood to convey heat to other tissues, would seem to be the 
preferred method of application for treatment of all conditions 
that might be benefited by sudr therapy. 

Briefly, the physical and physiologic reasons for applying short 
wave diathermy by the induction method are: 

(1) The induction field generates heat in an electrolyte 
in direct proportion to its conductivity; and hence, when 
human tissues are subjected to the high frequency induction 
field, heat is dominantly produced in the vascular type of 
tissue rather than in fat or other non-conductive or poorly 
conductive tissues, 

(2) It is in the vascular tissues that the living body nor- 
mally produces beat, and hence heating by the induction field 
simulates the normal production of heat, at least so far as 
the site of the generation of beat is concerned 

(3) It is through the agency of the blood stream that the 
living body combats infection, eliminates waste products, 
relieves congestion, and brings about repair of tissue. 

(4) The induction and maintenance of an active hy- 
peremia, as a consequence of the generation of heat by the 
induction field in vascular tissue, assists the body, therefore, 
in combating infection, eliminating waste products, relieving 
congestion, and bringing about repair of inj’ured tissues. 

(5) It follows that the use of the induction field is indi- 
cated in all conditions that can be benefited by the produc- 
tion and maintenance of an active hyperemia 
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PART D HIGH FREQUENCY CURRENTS 
SECTION THREE TECHNIC OF LOCAL APPLICATION 


I Introduction By local apphcation is meant the local or 
regional application of high frequency electric energy for the 
purpose of generating heat m a local or regional part of the 
body, in contradistinction to general application for the purpose 
of elevating the temperature of the entire body This latter 
application vnll be discussed m a subsequent section 

The local apphcation of high frequency currents and fields may 
be for either medical or surgical effects, the effect obtained 
depending upon the energy input per unit volume of tissue per 
unit time An application which does not produce destruction of 
tissue cells or impairment of their function is termed Medtcd 
Diathermy, whereas, if the application is such that destruction 
IS obtained, it is termed Surgical Diathermy 

For either application, damped or undamped waves may be 
employed The apphcation of the spark gap oscillator, generating 
a succession of damped waves for either medical or surgical 
purposes, is known as Conventional Diathermy The application 
of high frequency currents generated by a vacuum tube osallator, 
IS referred to as Short Wave Diathermy Conventional diathermy 
is being rapidly replaced by short wave diathermy However, 
conventional diathermy is still being used by some For that 
reason, the technic to be followed in administering treatment by 
this method has been included id the following discussion 

II General Principles of Technic 

1 Diathermy should never be applied over areas of the body 
where injury has damaged the sensory nerves Over such areas 
heat sensation may be entirely absent, or the patient may not be 
able to discnmmate readily variations m heat intensity The 
ability to sense heat must be unimpaired m patients to whom 
diathermy is to be administered 

2 During the first treatment it is advisable to keep well below 
the patient’s maximum heat tolerance In this way the confidence 

4S9 
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of the patient is secured, and, in addition, any unusual reaction 
to heat may be noted 

3. The patient should be informed that no sensation other than 
that of a comfortable degree of heat should be experienced If 
other effects than a comfortable diffused heating are present, 
such as a so-called “hot spot,” a minute prickling sensation, or 
an uncomfortable heat, the patient must be warned to notify the 
operator immediately. 

4. The only safe guide for dosage is the patient’s tolerance 
The tolerance to heat must never be exceeded. 

5. Patients must be warned against disturbing the electrodes 
in any manner whatsoever, once they are applied 

6. While it is not necessary for the operator to be with the 
patient throughout the entire treatment, it is essential that the 
patient should be under supervision. In some instances, patients 
are provided with a switch-cord, permitting them to terminate 
the treatment if too much heat is felt beneath the electrode or 
other untoward effects are experienced. Such a device should not 
be necessary, however, if proper technic is followed 

7. The generator should be pheed beyond the reach of the 
patient, and if not, he should be warned against touching any part 
of the apparatus while undergoing treatment. He should also be 
warned against making contact with metal partitions, wall 
switches, and all other grounded objects and current-carrying 
conductors 

8. Metal beds or metal treatment tables should not be used for 
patients during diathermy application Should their use be un- 
avoidable, special precautions must be taken to prevent contact 
of either patient or apparatus with the metal Treatment tables 
for such applications should be of wood 

9. Before starting treatment, all controls should be at zero. 

10 After the generator has been energized, the intensity con- 
trol, which determines the rate of energy input into the tissues, 
should be gradually increased to obtain the desired intensity. 
Only when it is impossible to obtain the desired current by means 
of the intensity control, should the spark-gap distance be in- 
creased, this applies only of course in the case of a conventional 
diathermy apparatus. 
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11. Increase the current intensity gradually when using the 
vacuum tube as well as the spark-gap oscillator, reaching the 
desired maximum current intensity in approximately five minutes 

12. At the termination of the treatment, all controls should be 
brought to zero before turning off the main switch In case of an 
emergency, however, the main switch should be turned off without 
hesitation. 

III. Conventional Diathermy. There are three general 
methods of application: direct, indirect, and autocondensation 

DIRECT 

Electrodes The electrodes for conventional diathermy applica- 
tions may be either of bare metal applied directly over the skin, 
or of some absorbent material such as cellucotton, canton fllannel, 
or orthopedic felt, which is made conductive by saturating in 
twenty per cent sodium chloride solution, or the electrode may 
be a \essel containing a conductive solution into which the part 
is immersed, thus serving as one of the electrodes In our opinion, 
the electrodes of choice are those of metal applied directly to the 
skin We shall, therefore, confine our technic to this type of 
electrode However, the absorbent type of electrode may be pre- 
ferred by some If such electrodes are used, they are applied in 
the same manner as the absorbent electrodes for direct current 
applications 

hletal electrodes are made of a metal alloy and must be quite 
pUable We have found the thickness of 0 016 inch (25 gauge) 
to be quite satisfactory This is sometimes known as medium foil, 
and is usually sold by the pound This foil can be readily cut into 
any desired shape It is advisable to prepare a complete set of 
electrodes such as that illustrated in Fig 156 

The metal electrode should be so cut that all edges are clean 
and snysoth. and not left ja^ed All TOcnecs must be rounded and 
not square. The edges should be rounded to minimize concentra- 
tion of current at the edge of the electrode When cutting the 
electrode, leave a projecting tab for the purpose of attaching the 
patient’s conducting cord By means of a 12 inch roller, approxi- 
mately one inch in diameter, such as a metal autocondensation 
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handle or a 12 inch length of a broom handle the electrode, prior 
to every application, shou/d be rolled smooth and entirely free of 
rucks Creases m the electrode must be eliminated When the 
electrode needs shaping to conform to the contour of the part 
under treatment, the moulding should be done with a mimmum 
of electrode handling Once the electrode is finally placed in posi 



tion. It should be held at its center lightly m contact with the 
skin It should be free from ptessate at the edges vmtiV bdd m 
position by means of a sandbag or bandage It is very important 
that the edges of the efecfrode do not press into the skin The 
pressing into the skin of a sharp edge of an electrode is the cause 
of the so called “edge effects” and edge bums It is necessary to 
secure good contact but uneven contact must be carefully avoided. 
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particularly at the edges. "WTien bandages are used to retain 
electrodes in position, they roust not be appUed too tightly. 
Otherwise drculaUon might be retarded, thus defeating the 
purpose of administering treatment, namely, to promote an active 
hyperemia 

Electrodes should be warmed before applying to the patient 
to avoid any disagreeable sensation from contact with the cold 
metal Some operators prefer to apply a conductive jelly on elec- 
trodes made of metal foil to minimize electrode discomfort, but in 
the clinic at Northwestern University it has not been our custom 
to use such lubricants However, with certain types of spark-gap 
oscillators it may be desirable to use some conductive compound 
on the electrodes 

With the metal mesh electrode, a conductive compound must 
always be used Soap lather has been widely used for this pur- 
pose, but such a medium is an extremely poor conductor and 
should not be employed 

Condticting cords Such cords are used to conduct the current 
from the high frequency apparatus to the electrodes To prevent 
the weight of the cord from pulling on the electrode and 
eventually displacing ft, the weight of the cord should be sup- 
ported by tuckmg a section of it under the mattress or under the 
pillow of the patient’s treatment table, or by placing a sandbag 
over it to hold the cord in such a manner as to prevent any pull 
on the electrode 

Specific Technics of Application 

Double Plate, Through and Through, or Transverse Method. 
The part of the body to be treated is sandwiched directly between 
two electrodes Fig 157 The two electrodes may be equal in size, 
or one may be larger than the other. 

Electrodes having the same area are employed in an attempt 
to produce heat to the same degree throughout all of the tissues 
sandwiched between the two electrodes However, because of the 
heterogeneity of tissue from an electrical viewpoint, and because 
of the spreading out of the current flow from electrode to electrode 
even in homogeneous tissue, a imiforro rate of heat production per 
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unit volume of the tissues between the electrodes cannot be 
achieved Electrodes of equal area, however, assure equal current 
densities at both contact surfaces Both electrodes, when of equal 
Size, are considered active electrodes 

When it IS desired to produce heat at a greater rate near one 
electrode than at the other, electrodes of unequal area are em 
ployed The current density will be greatest beneath the smaller 
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electrode Consequently the rate of heat production will be 
greater near this electrode Hence, if there is a difference in the 
areas of the two electrodes, heat will be felt primarily m the region 
of the smaller one The greater the difference m area the greater 
will be the relative heating in the region of the smaller electrode 
The smaller electrode is therefore referred to as the active elec 
trode, the larger electrode being referred to as the dispersive 
electrode 

IVhen using the double plate technic, it is important that tne 
current path through the tissues sandwiched between the plates. 
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be shorter than the current path over the skin from the edge 
of one electrode to the edge of the other. Should the electrodes 
be so applied that the current path over the surface from edge to 
edge of opposing electrodes, presents less resistance to the flow of 
current than the deeper tissues, an excessive portion of the total 
current will flow through this path with an inadequate flow of 
current through the remainder of the tissues. The result is an 
excessive concentration of current flow at the opposing edges of 
the electrodes with consequent marked discomfort and burning, 
commonly known as edge effect. 

The opposing edges of the electrodes must be equidistant from 
each other insofar as is possible. If the edges are not equidistant, 
there will be a concentration of current and hence of heat pro- 
duction where the edges are closest together. It is important when 
treating a tapering part, such as a thigh, that the electrode be of 
such conflguratlon and so applied that as near a uniform distribu* 
tion of current as practicable be secured. To achieve uniform 
distribution of current through a tapering or conical volume such 
as a thigh, the opposing electrodes must of necessity be wedge- 
shaped in that their width at the smaller diameter of the thigh 
be less than their width at the larger diameter. Their relative 
widths should be such that when the electrodes are applied to the 
thigh their opposing edges are equidistant. 

Plate-and-Cuff or LongHudimil Method. This technic is used 
principally for such joints as the wrist, hand, anUe, and foot. 
Figs. 158 and 159. One electrode is a rectangular metal plate 
approximately 10 inches by 8 inches. The actual size is deter- 
mined by the size of the hand or the foot of the patient If a joint 
such as an ankle is to be treated, the entire foot must be in 
contact with the metal plate. The other electrode consists of a 
metal cuff about 3 inches wide and of sufficient length to endrcle 
completely the calf of the leg. When electrodes are properly 
applied, heat will be felt at the ankle joint and not in the region 
of either electrode. 

Double Cuff Method This method is used for the treatment of 
such joints as the elbow and knee. The cuffs are 3 inches wide, 
and of sufficient length to endrde completely the arm or leg and 
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to permit clamping together about lyi inches of the ends of the 
cuff. The ends are folded over once to secure and maintain ade- 
quate contact between cuff and skin surface. An electrode clip is 
clamped over the fold to secure the electrode and to provide an 
electrical connection. 

The joint to be treated should be equidistant from the two 
cuffs which encircle the arm or leg When the double cuff method 
IS used, the arm or feg imder treatment sfioufd be tufiy extended 
If the joint is flexed, the current density will be greater through 
the tissues forming the shorter path, with consequent excessive 
heating in those tissues Cuffs should completely, and not par- 
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tiaJly, encircle the arm or leg The cuffs should be placed as far 
apart as the anatomical configuration of the part to be treated 
will permit. 

Special Electrodes Fenestrated metal foil electrodes with a 
sinuated periphery were made for the application of conventional 
diathermy to the entire trunk of a patient to produce artificial 
fever These were known as Neymann Electrodes. Modifications 
of these electrodes have been used for the application of diathermy 
to the head and face as well as to other parts where application 
of the ordinary foil electrode is diflacult. Novak devised a set of 
electrodes of this type for applying diathermy to the region of 
the head and face They are illustrated in Fig 160. 




Fig 160 Novak fenestrated electrodes for the application of conventional 
diathermy to head and face 

Various onfictal electrodes have been devised for the applica 
lion of diathermy directly to the vagina, cervix, rectum, and 
prostate Fig 161 These electrodes are of metal and usually 
plated with a non-corrodmg metal Some of the electrodes are 
provided with a thermometer which measures the surface tern 
perature of the tissues undergoing treatment IVhen using such 
electrodes, it must not be assumed that the temperature of the 
deeper tissues is the temperature indicated by the thermometer 
Dosage “By dosage is meant the total input of energy The total 
input of energy into a given load having a constant effective 
resistance, is determined by the current flow and the time that 
current flows In administenng diathermy it is therefore neces 
sary to consider both current flow and duration of application 
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The satne total power input can be achieved with either a low 
current flow and a long time oj application, or a high current flow 
and a short time of application Unfortunately, this fact has not 
been given the consideration it merits It has been our observation 



Fig 161 (a) Chapman Vaginal Electrode Cross section of the female pelvis 
showing Chapman Electrode in position (From Chapman Am Jour Pbys 
Therapy, May, 1927) 


that, from a therapeutic viewpoint, long applications at relatively 
low intensities are more effective 
The milliamperage read on the meter indicates the current 
flowing through the tissues, but does not indicate the power 
absorption in the tissues Only when the effective resistance of 
the tissues remains constant, can the current reading be taken 


500 


TECIINIC OF ELECTROTHERAPY 

as an indK of the power absorption, and then the power absorp 
tion will be proportional to the square of the current That is tc 
say, if the cllective resistance remains constant, doubling tht 



Fic 161 (b) Frostatic electrode Cross section of tbe male pelvis illustrating 
the application of the proitatic electrode (From Corbus and O Connor Dia 
thermy m the Treatment of Genito Unnaiy Diseases Courtesy Bruce Publ sb 
ing Company ) 


current flow quadruples the power input into the tissues If the 
frequency of the current should be changed, the effective resistance 
of the tissues will be changed As the frequency increases the 
proportion of the total current that produces heat becomes less 
Therefore, a milliampere meter is useful only when the same 
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generator, having a constant frequency, is employed. It can be 
shown that if applications are given consecutively to the same 
subject with different generators of different design, without 
disturbing the electrodes and with current intensity determined 



Mash belt 

iTiactiYB electrode 

Fic 161 (c) Coibus Thermophore Cross section ol the female pelvis jllus- 
trating the Corbus Thermophore as used in the treatment of diseases of the 
female urethra (From Corbus and O’Connor. Diathermy in the Treatment of 
Gemto-Unnaiy Diseases Coorte^ Bruce Publishing Company ) 

by the tolerance of the subject, the meter reading will be different 
for the different generators Hence, the meter reading merely 
serves as an aid in duplicating treatments when the same gen- 
erator is used 

The only safe guide for current intensity is the patient’s toler- 
ance. This must never be exceeded. The manufacturer should 
state the current density, i e , mflliamperes per square inch, that 
may be used as a guide for treatment with his particular gen- 
erator. For the various generators available, this ranges from 
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30 to IQO ma per square inch of electrode surface Total current 
is always computed in terms of the smaller of the two electrodes, 
being equal to the current density in ma per square inch tunes 
the area of that electrode Patients with much adipose tissue will 
not tolerate a given current density as well as the average indi- 
vidual Such individuals have a low current tolerance Certain 
pathology may also limit the amount of current that a patient can 
tolerate 

When administering diathermy, the current intensity should 
be gradually increased so that skin resistance is gradually reduced 
and the maximum current intensity, when finally reached, is 
readily tolerated using cuff electrodes, tolerance of the 

palknt alone is the only guide to proper current intensity For 
with such electrodes the current flow is not uniform over the 
surface of the electrodes, and hence computation of safe current 
intensity cannot be made on the basis of so many ma per square 
inch of electrode surface 

The duration of a treatment usually vanes from twenty to forty 
minutes However, it is doubtful whether a treatment of such 
short duration is most effective therapeutically The duration and 
the intensity of the treatment should be determined by the 
pathology it is desired to Influence For certain pathologies, short 
treatments given at definite intervals throughout the day may be 
indicated, while foe other pathologies, long periods of low in- 
tensity treatment may be more effective 

Specific Principles of Technic. In the application of conven- 
tional diathermy, certain specific principles of technic should be 
carefully observed, in addition to the general principles governing 
the technical application of high frequency currents and fields 
which were discussed in the general introduction of this section 
These specific principles are; 

1. The sUn should be examined for skin abrasions or pustular 
eruptions, and if present, should be covered with adhesive tape 

2. The electrodes should be applied according to the technic 
already described, and the proper milliammeter scale selected for 
the range of current to be used 

3. After the electrodes have been applied, the line switch is 
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dosed and the spark gaps gradually opened The spark gaps 
should be operated with minimum spacing Too wide a gap will 
produce the so-called “faradic” sensation 

4 The milliamperage should always be increased slowly, the 
required current intensity being reached m about five minutes 

5 When it is necessary to increase the current, do so by means 
of the intensity control or other controls that may be provided 
for that purpose Do not open the spark gaps further, however, 
unless the other means of increasing the current flow are incapable 
of giving the desired current 

6 If dry metal electrodes give discomfort to certain individuals, 
the use of a good conducting compound is indicated 

INDIRECT This method of treatment was developed because 
limitations of generators made it impossible to treat certain 
regions of the body Indirect diathermy produces merely super 
ficial heating and counter irritation It is administered m one of 
two ways 

1 The patient is seated and holds an autocondensation metal 
handle, which is connected to one terminal of the machine A so 
called hand electrode is applied to the wrist of the operator and 
connected to the other machine terminal An alternate technic is 
to have the patient lie m the supine position on an aulocondensa 
tion cushion, which is connected to the generator The patient is 
connected to the other terminal by means of the autocondensation 
handle, which he holds In either technic, the operator places his 
hand on the surface to be treated, and then the mam switch is 
turned on The hand oj the operator must not be removed from 
the patient while the current is on Otherwise, on arc wotdd be 
established between the operator's hand and the patient The cur 
rent is increased until tolerance is reached The operator’s band is 
kept in motion, giving massage at the same time heat is being 
generated within the patient’s tissues IVhen necessary to termi 
note the treatment, the current must be turned off before the 
operator’s hand ts rentoied from the patient 

2 Indirect diathermy may be given also by means of non 
vacuum or vacuum glass electrodes ‘Hie glass electrodes are made 
in various shapes for both sur&ce and orifiaal applications 
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Fig 162 a shows a vacuum electrode, coated internally with 
silver deposition, with insulated handle, and provided with a con 
nection ring for making contact with the conducting cord from a 
diathermy machine If not provided with an insulated handle as 
an integral part of the electrode, a separate insulating handle with 
a damp to hold the electrode must be used by the operator when 




Fic 162 (a) Non vacuum cJectrode 
(b) Vacuum electrode 


applying high frequency energy A vacuum electrode of the con 
denser type is shown m Fig 162 b , provided with an insulated 
handle Connection with the metal plate of the electrode is made 
by means of the connection ring as shown in the figure The metal 
plate and the surface of the patient's skin constitute the plates of 
a condenser, the dielectric of which is the vacuum between the 
plate and the flat glass surface together with the glass itself The 
electrode is connected to the high voltage terminal of the generator 
According to the degree of heat required it may or may not be 
necessary to ground the remaining terminal When only one temu 
nal IS used, the application is called monopolar Grounding the other 
terminal decreases the impedance to the flow of current, and con 
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sequently for the same voltage a greater current flow results. 

If the patient is lying on an autocondensation cushion and is 
connected to the generator as previously outlined, the glass elec- 
trode can be applied to the patient without any connection to the 
machine. Actually the electrode is capacitively grounded throu^ 
the operator. Care must be taken to have the current switched 
off, however, before applying or removing the electrode. Before 
treatment, the skin over which the electrode is to be moved 
should be dusted with talcum powder. Without talcum powder, 
the electrode cannot be moved readily at a uniform rate over the 
surface. 

To produce counter-irritation, apply a thin layer of towelling 
over the area, and then make the electrode application. The thick- 
ness of the towel will determine the length of the spark discharge. 
These discharges produce counter-irritation. Care must be taken 
to keep the electrode in motion; otherwise, a bum may occur. 

In our opinion, indirect diathermy is of little, if of any, value. 
However, many clinicians still use it and claim excellent thera- 
peutic results from its use. For a resume of its field of application, 
the reader should consult Kovacs’ excellent book.* 

AUiocoNDENSATioN. According to Kovacs,* autocondensation 
is a modified form of general diathermy. There are two types of 
autocondensation cushions In use. One consists of a metal plate, 
approximately 72 inches by 30 inches, over which is placed a 
4 inch layer of silk floss, the entire cushion including the plate 
being covered with a tufted leather casing. When a patient is 
lying on the autocondensation cushion, the metal electrode forms 
one plate, the silk floss the dielectric, and the patient the other 
plate of a condenser. The other type of cushion consists of a 
metal plate covered with an insulating fiber material about 
inch thick. This cushion is hinged so that treatment may be given 
in the sitting or supine position. The type of cushion best suited 
for this form of therapy is problematical. Each type has its 
advocates. 

The cushion is connected to the high voltage terminal of the 

'Kovacs, Richard. Electrotherai^ and Light Therapy, Fourth Edition. 
Lea and Febiger, Philadelphia, 1542 
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generator. The patient lies on the cushion with his head well 
supported by a pillow. The arms are flexed at the elbows to a 
^ight angle. An autocondensation metal handle, connected to the 
remaining terminal, is held with the hands separated as far as 
possible The metal handle rests on a pillow, placed on the chest 
of the patient to provide a support. After the current is switched 
on, no one should be permitted to touch any part of the patient 
or a spark sufficient to cause a bum may be established between 
the patient and the person making the contact The current 
intensity employed usually ranges from 500 to 1200 ma The 
treatment is given for thirty to forty-five minutes For evaluation 
of this treatment see Kovacs * 

IV. Short Wave DiATitERSfY. As already discussed under the 
fundamentals of high frequency currents, the development of 
the thermionic vacuum tube made possible the generation of 
currents of much higher frequency than those employed in con- 
ventional diathermy, and consequently made possible modifica- 
tion in methods of applying high frequency energy for medical 
purposes The frequencies employed in short wave diathermy 
range from 10,000,000 to 100,000,000 cycles per second, the 
frequency employed in any given application being that best 
suited for the transfer of energy to the patient for the technic used 
The range in wavelength, corresponding to the frequency range of 
10,000,000 to 100,000,000 cycles per second, is 30 to 3 meters 

The methods in common use of introducing high frequency 
electric energy into tissue for the purpose of generating heat, fall 
into two distinct classifications, namely one, the use of a high 
frequency electric field (the so-called condenser field), and two, 
the use of a high frequency induction field The electrodes em- 
ployed in short wave diathenny are different from those used in 
conventional diathermy. As already explained, conventional 
diathermy is applied by means of bare metal electrodes m direct 
contact with the sUn With short wave diathermy, on the other 
hand, insulated metal elect'rodes are employed It is true that 
bare metal electrodes can be used, but because of the defimle 
’Kovacs, Richard ElectrotheraRy and Light Therapy, Fourth Edition 
Lea and Fcbiger, Philadelphia, 1942 
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danger of burning the patient with such electrodes, they should 
not be employed. 

HIGH FREQUENCY ELECTRIC FIELD High frequency energy may 
be applied to tissue by placing the tissues to be heated be- 
tween plates on which a high frequency potential is impressed 
The high frequency electric field generates heat in the tissues 
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The heat developed results from resistance and dielectric hys- 
teresis losses within the tissues The relative heating of electro- 
lytes of various concentrations by electric fields of different 
frequencies has been discussed m Section Two 

Electrodes The electrodes used with the high frequency electric 
field, or the condenser field as it is more popularly known, consist 
of fad electrodes, cuff electrodes, and atr-spaced electrodes 

A pad electrode consists of a flexible piece of metal vulcanized 
between two layers of rubber, making a total electrode thickness 
of approximately inch. Such electrodes vary both in size and 
shape They are known as fad electrodes by some, and as con- 
denser electrodes by others Fig 163 A long insulated conducting 
lead is attached to the electrode for making connection to the 
short wave generator 

Cuff electrodes are nothing but pad electrodes of such length 
and width that they may be ai^lied as cuffs, completely encircling 
a region of the body They are employed chiefly for the treatment 
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of joints Fig 164 A pad electrode and a cuff electrode are occa 
sionally used in combination Fig 165 
One type of air spaced electrode is made of a metal plate 
placed between two thick layers of rubber or other insulating 
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material and may or may not be flexible The electrode is pro 
vided with an adjustable guard so that the air space between 
tissue surface and electrode may be mamtained at a given value 
Such electrodes vary in shape and size Another type of air 
spaced electrode consists of an appropriately shaped glass or 
plastic vessel to serve as an insulator and spacer and a rigid 
metal plate The plate is movable within the cylindrical vessel, 
this enables the operator to adjust the distance between the metal 
plate and the skin For different niachmes different spacmgs may 
be required Fig 166 Electrodes of this type dispense with the 
necessity of using felt or towelling as spacers since the proper 
spacing is provided by the air gap Hence these electrodes are 
called air spaced electrodes 
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Various adaptations of the type of electrodes discussed m the 
foregoing paragraphs have been devised for onficial application 
Such electrodes are used with a pad, a cuff, or a large air-spaced 
electrode as the dispersive electrode We are not convinced that 
such highly localized orificial treatment is either necessary or 
desirable. In our opinion generalized pelvic healing is just as 
effective and probably preferable for the treatment of vaginal, 
rectal, and prostatic conditions. 

Pads, cuffs, and the cuff and pad electrodes are applied in the 
same manner as the bare metal plates, cuffs, and plate and cuff 
electrodes for conventional diathermy, with the exception that an 
appropriate thickness of felt or bath towelling is placed between 
the skin surface and the rubber surface of the electrodes. The 
proper thickness of the felt, or other dielectric material that will 
assure satisfactory operation, will vary with different generators, 
and therefore should be specified by the manufacturer. 33oth 
pads and cuffs have conducting leads attached so that they may 
be connected to the generator. 

Specific Technic of Application 

1. Double Pads. (Through and Through Application ) The pads 
may be of the same or of dissimilar area When they are of the 
same area, the current density in the tissues adjacent to the 
electrodes will be the same If it is desired to generate heat at a 
greater rate in the tissues near one eI«:(rode, an electrode smaller 
in area is placed over that region This electrode is designated the 
active electrode The larger electrode is known as the dispersive 
electrode The rules outlined for the application of conventional 
diathermy, which pertain to the relationship of the current path 
through the tissues between the electrodes to the current path 
over the surface from the edge of one electrode to the other, must 
be observed Furthermore, it must be kept in mind that with the 
much higher frequencies used in short wave diathermy, current 
leakage occurs more readily. In fact, current paths which con- 
duct but litUe current at the frequencies employed in conventio^ 
diathermy will conduct appreaaWe currents at the frequencies 
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used in short wave diathermy, as was explained in the section deal- 
ing with the physics of high frequency currents. 

Before application of the electrodes, a towel one layer thick is 
applied over the area to be treated. The proper thickness of 
spacing is then applied over the towel. Information on the dielectric 



Fic. 167. AppJicad'on of pad electrodes to Ibe dorsal spine. (From Krusen; 
Physical Medicine. Courtesy W. B. Saunders Co ) 


material and the appropriate thickness to be used for best opera- 
tion of a generator should, as already stated, be provided by the 
manufacturer and the user of such apparatus should carefully 
follow these recommendations. 

The electrodes are held in place either by an elastic bandage 
or by a sandbag. As with conventional diathermy, care must be 
taken to prevent the edges from digging into the tissues; and also, 
contact between electrode assembly and skin must not be too 
tight. Fig. 167. 
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Frontal Sinus. An active electrode, approximately 2 by 
inches, is placed over the region of the frontal sinus, with a towel 
of appropriate thickness between it and the skin, and held in 
place by a suitable bandage. A dispersive electrode, approximately 
5y2 by sy 2 inches, is placed over the upper dorsal spine, with a 
towel of appropriate thickness between it and the skin, and held 
in place with an elastic bandage. 

Anirum, Temporomandibular Joint, Mandtble, and Throat. 
The method is similar to that described for the frontal sinus, with 
the active electrode placed over the part to be treated. The same 
principles of obtaining concentration of heat may be followed in 
applying the condenser electrodes with the short wave apparatus 
as are followed when applying the metal plate electrodes of con- 
ventional diathermy, except that with short wave diathermy it is 
not necessary to be so exacting 

Ears. Pad electrodes, approximately 4 by 714 inches, are placed 
over each ear, with one or more towels between them and the 
skin, and held in place with an elastic bandage. 

Spine (Cervical). Lateral Method. Pad electrodes, approxi- 
mately 2 by 4^ inches, are placed on the lateral aspects of the 
neck, with a towel between them and the skin, and held in place 
with an elastic bandage. 

Anteroposterior Method. With the patient lying on his back, 
a pad electrode, approximately 4 by 7J4 inches, is placed 
posteriorly over the cervical spine, with a towel between it and 
the skin The electrode is held in place by a rubber sponge placed 
between it and the pillow. A dispersive electrode, approximately 
SJ4 by 8J4 inches, is placed over the upper anterior chest, with a 
towel under it, and held in place by a sandbag 

Spine (Dorsal). With the patient lying on his back, a pad 
electrode, approximately S|4 by 8J4 inches, is placed under the 
part of the dorsal spine to be treated, with a towel between it and 
the skin The dispersive electrode, approximately 12 by IS inches, 
is placed over the front of the trunk, with a towel between it and 
the skin, and held in place by sandbags 

Lumbosacral and Sacro-Iliac Regions. The application for 
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these regions is the same as for the dorsal spine, except that the 
active electrode, approximately SJ4 by Syi inches in dimension, 
is placed under the regiqn to be treated. 

Shoulder. With the patient l^ng on his back, a compression 
bladder, slightly inflated, is placed imder the shoulder to be 
treated to hold the electrode, about 4 by inches, in good 
contact. A second electrode of the same size is applied over the 
anterior surface of the shoulder, with a towel intervening, and 
held in place by means of a sandbag. 

Subdeltoid. With the patient sitting, an acti%'e electrode, ap- 
proximately 4 by 7J4 inches, is placed over the deltoid muscle, 
with a towel between it and the skin, and the electrode held in 
position by an elastic bandage. A dispersive electrode, approxi- 
mately 12 by IS inches, is placed under the opposite arm, over the 
lateral surface of the chest, and held in place by a bandage 

Elbow. Two electrodes of the same size, approximately 4 by 
inches, are used. The forearm is extended and supinated. One 
electrode is placed over the biceps and the other under the 
extensor surface of the forearm. Towels of appropriate thickness 
should be interposed between the electrodes and the skin. The 
electrodes are held in place by a bandage. 

Wrist and Hand An active electrode, approximately 2 by 4J^ 
inches or 4 by 7^ inches, is placed over the wrist, a towel between 
it and the skin, and held in place by a bandage. A dispersive 
electrode, approximately 12 by 15 inches, is placed on the back, 
with towels interposed between it and the skin, and held in place 
by a bandage. 

Chest or Abdomen The area to be treated is sandwiched be- 
tween two electrodes, with towels interposed between them and 
the skin. With the patient lying on a treatment table, the under 
electrode is held in place the patient’s weight and the upper 
Aoe by isandhags The electrodes usually used are two of egual 
size, either approximately 5}4 by 8}4 inches, or 12 by IS inches, 
or an active electrode Sj4 by 8J^ inches, and a dispersive one 
12 by IS inches. 

Hip. Pad electrodes, approximately SJ4 by 8 inches, are placed 
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anterior and posterior to the hip joint, with the patient lying 
on his back.^Towels are interposed between the electrodes and 
the skin. The anterior electrode is held in place by a sandbag. 

Knee, Two electrodes, approximately 4 by 7^ inches, are 
placed on the lateral and mesial surfaces of the knee joint, with 
the patient lying on his back on a treatment table The knee 
should be slightly flexed and supported by a pillow. Towels are 
interposed between the electrodes and the skin The electrodes are 
held in place by an elastic bandage. 

Ankle and Foot. With the patient sitting on a chair, his foot 
is placed on an electrode, approximately 4 by inches, with a 
towel between it and the sole of his foot. Another electrode of 
the same size, with a towel between it and the skin, is held in 
place over the calf by means of a woven elastic bandage 

2 Plate and Cu$ (Longitudinal Method). This technic is used 
for the treatment of a wrist, ankle, or specific regions of the foot 
and hand The most fleshy part of the forearm or lower leg is 
encircled by a cufl, with proper spacing between the electrode and 
the skin \Vhen it Is desired to heat the wrist, the hand is placed, 
palm down, on a pad electrode with the necessary spacing 
between the electrode and the skin surface. Similarly, the foot is 
placed on a pad electrode when treatment is to be given to the 
ankle joint. The cuff electrode is bound and retained in position 
by an elastic bandage, and a sandbag is placed on the hand or 
foot of the patient to maintain proper contact of hand or foot with 
the pad electrode If only a region of the hand or foot is to be 
treated, that particular region of the hand and foot alone should 
make contact with the pad electrode A cuff and pad application 
was illustrated in Fig I6S 

3. Double Cu§s. This technic is used for the treatment of the 
elbow and the knee The technic of application is illustrated in 

Fig 164 It Is important, as pointed out in the section on conven- 
tional diathermy, that the arms and legs be kept fully extended 
to avoid excessive heating along the inner surface of the joint. 

4 Air-spaced Electrodes. These electrodes are applied in exactly 
the same manner for the treatment of various parts of the body 
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Fig 169 Air spaced electrodes Plate covered with insulation and 
provided with an adjustable spacer 
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as are the pad electrodes The apphcation differs, however, in 
that a,r IS used instead of felt or towelling for spacing between 
the electrodes and the skin Figs 168 169, and 170 illustrate the 
application of these electrodes 



Fig 170 Flexible air spaced electrodes without spacers 


Evaluatton of the Ihgh Frequency Electric Field Method of 
Application Because the patient usually experiences a marked 
sensation of heat on the skin surface, it has been erroneously 
assumed by many that the applications described above are more 
effective /or heating the deeper tissues of the body than those 
applications and technics which do not heat the skin surface 
excessively Experiments conducted on the thighs of living human 
subjects at Northwestern University Medical School have shown 
that, when the temperature of the skin is high, the temperature 
of the deeper tissues is proportionally low Conversely, it was 
found that the rise of temperature m the deeper tissues was 
progressively higher as the surface temperature decreased It was 
found that the induction field methi^ of application, for example 
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TABLE 57 


Causes A^■D Eumwation or Hot Spots 


T>-peof 

Electrode 

Caube 

Correctiie Measure 


a Coocentratton of perspiration 
m absorbent toatenal 

Replace with dry spacing ma 
tenal m some cases sufficient to 
place dry tow elling betw een skin 
and spiac ng material 

Pad 

or 

Cuff 

b ^lon luu/ona pressure of elec 
trode on sbin 

EquaJiae Pressure 


c Non aymmetneat posiUoiing 
of electrodes resulting in theedges 
on one aide being closer together 
than the edges oa the other 

Re position electrodes 


a Fooling of perspiration on sur 
face of skin 

Dry surface 

Air 

Spaced 

b Non symmetncal position of 
electrodes 

Re position electrodes 

c Non uniTonn spacing between 
electrode and skin surface 

Adapt electrode to conform to 
contour of skin surface, or in 
crease air spaang so that irregu 
lanues m skm surface become 
negl gible m comparison with 
average air spaang 


produced less surface beating and consequently made possible 
the input of more energy into the tissues with resultant higher 
deep tissue temperature 

With the electric field method of application, whether by pads, 
cuffs, or ajr spaced electrodes, the impedance may not be uniform 
over the entire surface covered by the electrode The non 
uniformity of impedance will result m a non uniform distribution 
of current over this surface Excessive heating will occur where 
the current density is excessive ITiese areas of excessive super 
ficial healing are designated as Aof spots Such hot spots are a 
frequent cause of discomfort and skin burns, and care must be 
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nance indicator will have reached its maximum deflection. If the 
control is moved beyond this point, deflection of the pointer will 
decrease, the control being usually so designed that the decrease 
in deflection is relatively great for a slight increase in rotation of 
the control beyond the point of resonance. The dial of this indica- 
tor frequently has a milliampere scale, and many technicians 
erroneously believe that the meter indicates the milliamperes 
delivered to the patient. This reading, however, usually bears no 
relationship to the energy absorbed by the patient, but merely 
serves to indicate when resonance has been established. 

Some generators are provided with a milliammeter to indicate 
the plate current of the tube. In addition, some generators also 
provide a voltmeter to indicate the filament voltage of the tube 
When these are provided, the filament voltage switch should be 
turned on first; then, when the correct voltage has been applied 
to the filament, the plate current switch is closed The load circuit 
(1 e., the patient circuit) is then tuned to resonance. Some genera- 
tors are provided with a voltage indicator, on the scale of which 
the zone of safe operation is marked. 

The power input into the tissues under treatment may, if re- 
quired, be increased by increasing the setting of the intensity con- 
trol. After the intensity setting has been changed, the patient 
circuit should be retuned for resonance 

Dosage. As in the case of conventional diathermy, the dosage 
administered is determined by the energy input per unit time, i e , 
the power, and the time of application The intensity, or power 
input per unit time, is determined by the tolerance of the tissues 
of the patient. This tolerance will vary with the condition of the 
tissues, and no hard and fast rule as to wattage input per unit 
volume of tissue can be given. This is a matter that the judgment 
of the physician, based on knowled^ of the condition of the 
tissues to be treated, must dedde. The safer procedure is to employ 
a lower intensity and a longer period of application As has already 
been pointed out, this technic of treatment presents definite 
advantages. 

HIGH FREQUENCY INDUCTION FIELD (INDUCTOTHERMY) High 

frequency energy may be applied to tissue through the agency of a 
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high frequency magnetic field. This field is produced by means 
of a heavily insulated conductor, wound into a coil of appropriate 
configuration and number of turns, through which a high frequency 
current is conducted from an oscillator. The field set up about 
the coil induces eddy currents in the tissues in the field, such 
currents being most intense in the more conductive tissues 

Electrodes. The coil referred to in the foregoing constitutes the 
electrode. The types of electrodes used for Inductothermy, as the 
heating of tissue by the induction field has been termed, are: 

1. A heavily insulated, flexible conductor, wound around or 
about the part to be treated in the form of a helical coil 

2. The same type of cable wound into a flat or pancake type 
of coil, which is placed over the part to be treated; or wound into 
two coils in such a manner that their fields are additive and placed 
in opposition on either side of the Ussues to be treated. 

3. A flexible or solid conductor wound into a permanent coil of 
suitable size, number of turns, and configuration and enclosed 
within a casing or drum of a non-conducting material to form the 
so-called disk oj drum electrode 

4. A flexible or solid conductor wound into two coils of suitable 
configuration and number of turns, placed within casings or drums, 
and so connected in series or parallel that the fields of the two 
coils will be additive to form the so-called adjustable disk or drum 
electrode. This electrode is so placed that tissues to be treated are 
subjected to the field obtaining between the coils This electrode 
facilitates the application of the induction field and provides a 
means of readily adapting the application to the anatomy of the 
part to be treated. 

As already stated, the cable electrode may be applied either in 
the form of a helical coil wound around the part to be treated or in 
the form of a flat “pancake” type of coil so placed that the part 
to be treated will be subjected to the high frequency induction field 
of the pancake coil The number of turns is usually from one to 
three for both forms of application. In Figs 172a and 172b are 
shown the two types of applications using different numbers of 
turns Too many turns must not be employed, otherwise the coil 
will cease to act as an inductance and will act as a distributed 
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cuff, permitting current to flow from turn to turn through the 
superficial tissues with resultant high skin heating 
Furthermore, adequate spacing between turns must be provided 
otherwise leakage of current from turn to turn through the super- 
ficial tissues will tale place because of the reduced capacitive 

1 2 3 

TURNS LOOP TECHNIC 



TURNS PANCAKE COIL TECHNIC 
Fic 172 (a) TUnis, loop lecbSic 
Fig 172 (b) Turns, poocalce cotl tecboic 

reactance between the turns The spaang between the turns should 
be not less than 2 5 to 3 inches Most manufacturers provide 
spacers of insulating material to assure proper spacing of the 
cable. These spacers are designed to provide the proper spaang 
for a particular machine and cable The spacers used should be 
those provided by the manufacturer of the generator being em- 
ployed It is also important that the cable be separated by a 
suitable spacer at points of crossing, otherwise excessive leakage 
of current will take place at these points with reduction of input 
into patient and excessive heating of the cable insulation at the 
points of crossing In the figures illustrating the technics of appli- 
cation the proper use of spacers is shown 
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Sufficient towelling or other absorbent padding should always 
be between the cable and the part being treated. To obtain maxi- 
mum efficiency it is important that the details of the following 
technics be carefully observed. Towelling and other absorbent 
material used for spacing compresses under pressure. The thick- 



Pic 173 Double pancake coil application (From Meniman, Holmquest, and 
Osborne Physiotherapy Review, 14 107 1934) 


ness of the padding recommended in the following technics is the 
thickness of the padding after the coil is positioned and treatment 
is to be started 

As already mentioned, disk or drum applicators are also used 
These disk or drum applicators contain permanently wound coils 
of the requisite number of turns and with proper spacing between 
turns to assure efficient operation of the generator. When using 
such applicators, spacing between skin and surface of applicator 
is also provided by a suitable thickness of towelling or other ab- 
sorbent material 

A double pancake cod, of 2 to 3 turns in each coil, so wound 
that their fields are additive, is also used The part to be treated 
is placed between the two coOs as shown in Fig 1 73.* The coils are 

* Mernraan, J H , Holmquest, H J ^ Osborne, S L Treatment Technique 
with the laductothenn. Physiotherapy Rev 14 107 1934 
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wound in the manner illustrated in Fig 174 As the current flows 
through the two coils, which are wound in senes, the field of the 
first coil IS in phase with that of the second Should the two coils 
be wound m opposite direcUons, their fields would be out of phase 
and thus oppose each other Care must be taken when using this 
technic that the coils are both wound in the same direction Coils 



Fic 174 Schematic Vepresentation of the additive effect of two coils cod 
nected m series and so wound that the magnetic field of one is in phase with 
the field of the other Assuming the instantaneous current flow to be m the 
direction of the arrows with dosed heads (he polarity of the coils will be 
as indicated in the figure and (he lines of magnetic flux which are continuous 
and close upon themselves will thread (be two coils emerging at the north 
pole of the first coil spreading out into space and returning at the south pole 
of the second coil Obviously (he coils may also be connected m parallel to 
obtain an additive magnetic effect Furthermore the coils may be of the flat 
' pancake ’ type Practical apj^ication of this principle to short wave dialhenny 
was first reported by Merriman Holmquest and Osborne (Physiotherapy Re 
view 14 107 1934) 

connected in parallel and so wound that their fields are additive 
could also be used 

Measurements were made by Coulter and Osborne’ of the heat 
mg produced in the female pdvis by various methods of applying 
high frequency fields These measurements demonstrated the effec 
tiveness of the double coil technic In Fig 1 75 the initial and final 

'Coulter J S and Osborne S L Short Wave Diathermy A Comparative 
Study in Pelvic Heating Arch Phys Hier 17 J35 1936 
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temperatures attained in the vagina and rectum by the induction 
field and by the electric field of various frequencies are shown. 
The double coil technic of applying the induction field was far 
superior to the electric field pad applications. 

Adjustable disk or drum electrodes, utilizing the double coil 



Fic. 178. Ankle. 


principal of application, are available. The advantage of this type 
of electrode is its convenience in application to anatomical con- 
figuration, facilitating treatment of such parts, for example, as the 
shoulder, hip, and face. It can also be used to advantage in the 
treatment of other parts of the body. Towelling or other absorbent 
material should be used with this applicator as with other methods 
of applying the induction field. 



528 


TECHNIC or electrotherapy 


Specific Technics of Application Since the clinical results are 
attributed to the effects of hyperemia, care must be given to the 
establishment and maintenance of one which is adequate Insula- 
tion of the part to be treated reduces heat loss and permits a high 
degree of efficiency Material used for insulation, which is applied 
next to the skin, should be an absorbent material such as terry- 
cloth or bath towelling to absorb the perspiration, and at the same 



Fic 1 79 Knee 


time* supply the proper spacing for maximum efficiency Additional 
insulation against heat loss can be provided by covering the patient 
with a light blanket or sheet 

Elbou), Forearm, Ankle, Knee, and Foot The method of apply- 
ing the cable to these parts is shown in Figures 176, 177, 178, 179, 
and 180 The procedure to be followed in applying the cable and 
administering the treatment is as follows 

1. Wrap sufficient towelling around the part so that spacing, 
when electrode is positioned, is at least Yz inch 

2. Place three turns of the cable around the part, with the turns 
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separated lYz to 3 inches. Fasten the turns in position with the 
cable spacers as illustrated. 

3. Connect the cable terminals to the generator, keeping the 
leads from the coil to the generator separated by a spacer. 

4. Set intensity regulator for approximately Yt output. 

5. Turn on current. 

6. Adjust intensity setting as patient's tolerance indicates. 

It is at times desired to treat both knees, both ankles, or both 



Fig ISO Foot. 


feet simultaneously. Fig 181 illustrates the method of applying 
the cable. When using this technic it is necessary to place a folded 
bath towel, at least 1 inch in thickness, between the two parts 
being treated. The towelling for spadng is then wrapped around 
both parts, and application of cable is made as for the treatment 
of a single part 





Fic 18? Hand and wnst. 
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Hand and Wrist 

1 . Form cable into a pancake coil of three turns, fixing coil posi- 
tion by spacing as Ulustrated. Fig 182. 

2. Place inch of bath towelling on cable as illustrated Have 
patient grasp towelling around far side of cable with hand to be 
treated, and rest forearm across towelling on near side of cable. 





Fic 183 Upper or lower extremity (one turn) 

3. Set intensity regulator for approximately ^ output 

4. Turn on current. 

5. Adjust intensity setting as patient’s tolerance indicates 
Upper or Lower Extremity (Entire) 

1. Wrap inch of bath towelling around extremity as shown 
in Fig. 183. 

2. Place a single loop the full length of the extremity, and 
secure in position with an elastic band or a bandage. 
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3. Connect cable to generator, keeping leads separated by a 
spacer. 

4. Set intensity regulator for approximately output 

5. Turn on current. 

6 Adjust intensity setting as patient’s tolerance indicates. 

Upper or Lower Extremity (Entire or Part ) 

1. Wrap inch of bath towelling around extremity. 

2. Place 2 turns of the cable 
over the extremity or part to be 
treated, and secure in position 
with spacers as illustrated Fig 

184. 

3 Connect cable to generator, 
keeping leads from coil to ma- 
chine s^arated by a spacer 

4. Set intensity regulator for 
approximately Yi output 

5 Turn on current. 

6 Adjust intensity setting as 
patient’s tolerance indicates 

Shoulder, For the purpose of 
illustrating the proper applica- 
tion of the cable, the patient is 
shown in a sitting position In 
actual ^treatment, the patient 
should be reclining but with the 
coil applied as illustrated in Fig 

185. 

1. Place Y inch of bath towel- 
ling over the shoulder Pjp jgg in position for ear or 

2 Form the cable into a pan- sinus application 

cake coil of 3 turns' and atladi 

spacers Place coil on towelling in apposition with shoulder, keep- 
ing it in place with an elastic strap or sandbags 

3 Connect cable terminals to generator, keeping leads separated 
by a spacer. 

4. Set intensity regulator for approximately ^ output. 
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5. Turn on current. 

6. Adjust intensity setting as patient’s tolerance indicates 


1. Form tile cable into a pancale coil of 3 turns, and attach 
spacers as illustrated in Fig. 196. 

2. Place a pillow over the coil. 

3. Position the patient with the region to be treated in apposi- 
tion with the coil Fig. 187 and Fig. 188. 

4. Connect cable terminals to the generator, keeping the leads 
separated by a spacer. 

5. Set the intensity regulator for approximately }4 output 

6. Turn on current. 

7. Adjust intensity setting as patient’s tolerance indicates 


1. Place inch of bath towelling over the neck 

2. Form the cable into a coil of 2 turns, and attach the spacers 
Place the coil on the towelling Support the lead across the chest 
with a pillow. Fig. 189. 
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Fic 190 Eye 


3 Connect cable terminals to the generator, keeping the two 
leads separated by a spacer 

4 Set intensity regulator for approximately Ya output 

5 Turn on current 

6 Adjust intensity setting as patient’s tolerance indicates 

Eye 

1 Place Ya inch of bath towelling over eye 

2 Form the cable into a coil of 2 turns and attach spacers 
Fig 190 Place the coil on the towelling 

3 Connect cable termmals to the generator, keeping the two 
leads separated by a spacer 

4 Set intensity regulator for approximately Ya output 

5 Turn on current 

6 Adjust intensity setting as patient’s tolerance indicates 

Chest, Pelvis, and Dorsal and Lumbo sacral Sptne 

1 Place Y 2 inch of bath towelling on the surface of the area to 
be treated 

2 Form the cable into a pancake coil of 3 turns and attach 



Fig 192 Pelvis 




Fic 194 Lambo-sacia! spine 
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spacers Place the coil on the towelling over the area to be treated 
and in apposition with the part Figs 191, 192, 193, and 194 

3. Connect the cable terminals to the generator, keeping the 
two leads separated by a spacer. 

4 Set intensity regulator for approximately Yz output. 

5. Turn on current. 

6. Regulate intensity setting as patient’s tolerance indicates 



Fig 195 Entire spine 


Spine (Dorsal to Sacral Region) 

1. Place Y inch of bath towelling over the back. 

2. Form the cable into an elongated coil and attach spacers 
Place coil along spine. Fig 19S. 

3. Connect the cable terminals to the generator, keeping leads 
separated by a spacer. 

4. Set intensity regulator for approximately Yz output. 

5. Turn on current. 

6. Regulate intensity setting as patient’s tolerance indicates 
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Prostate 

1. Cover the seat of a wood chair with a layer of cardboard 

2. Place Yi inch of towelling or padding over the cardboard. 

3. Form the cable into a pancake coil of 3 turns, attach spacers, 
and place on padding as illustrated. Fig. 196 



Fic 19d Coil m position for prosUtic application 

4 Place a pillow of such thickness over the coil that, when the 
patient is seated, the spacing will be 1 to 1J4 inches. 

5. Set intensity regulator for approximately Yi output. 

6. Turn on current. 

7. Regulate intensity setting as patient's tolerance indicates. 
Note’ Contact between thighs and scrotum should be prevented 

by the insertion of a hand towel to prevent arcing and excessive 
heating due to current concentration. 

Sinus, Eye, Ear, Shoulder, Chest, Sacro iliac, Hip, and Pelvts 
(With the Disk Type oj Electrode) Figs 197,198, 199,200,201, 
202, 203, and 204. 

1. Place Yi wch of bath towelling over the part to be treated 

2. Position the disk electrode as illustrated. 

3 Connect the cable terminals to the generator, keeping the two 
leads separated by a spacer. 
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4. Set intensity regulator for approximately Yz output. 

5. Turn on current. 

6. Regulate intensity setting as patient’s tolerance indicates 
Schmitt’s Optimal Dosage Technic. Believing the practice of 

giving treatments of twenty to thirty minutes duration, two, three, 




or more times per week to all patients, regardless of pathology, 
was not rational, Schmitt introduced his Optimal Dosage Technic.* 
He defines optimal dosage as the smallest poner input per unit 
tissue volume which will establish and maintain an active hyper- 
emia, the application of which must be for such time and must 
be repeated for such intervals as are necessary to produce a cu- 
mulative beneficial effect. Concerning short wave diathermy, he 

* Schmitt, M G ■ Optimal Dosage in Short Wave Diathermy, Arch Phys. 
Tier 21.716 1940 
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states ‘ The desired physiologic effect is the establishment and 
maintenance of an active hyperemia The technic is determined 
by the power input per unit tissue volume the time of application, 
and frequency of application ” ' 

Schmitt uses the incidence of sweating as the clinical guide for 



Fig 198 Eye 


judging the power input per unit tissue volume The electrodes 
are so applied that the adjacent, as well as the pathologic tissues 
ate heated In addition the patient is insulated from heat loss The 
frequency of treatment Fig 205 may vary from one to twenty 
four, each 24 hour period according to whether a continuous or 
an intermittent hyperemia is desired Such a method of dosage 
would seem to have a far more saentific basis than the older and 
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prevalent method Schmitt’s method of treatment widens the field 
of application and increases the effectiveness of an already valu 
able therapeutic agent 

Evaluation of the Induction Field Method of Application There 
appear to be no disadvantages in the use of this method of appli 



Fic 1P9 Ear 


cation On the contrary, its use presents very definite advantages 
Such advantages are that heat is generated primarily in the vascu 
lar tissues,^ that the cable can be readily adapted to any part of 

’ Wemman John R Holmquest Ibrold J and Osborne S L. A New 
Method of Producing Heat m Tissues Tlie loductotherm Am J Med Sc 
187 677 1934 
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the body to be treated, and that by means of the induction cable 
any desired distribution of the power input can be readily 
achieved Furthermore, the likelihood of bums and discomfort 
with this method of application, when properly made, is less than 
with the electric field method of application. 

Operation oj the High Frequency Induction Generator. In con- 
trast to the operation of the high frequency generator for applying 
treatment by means of the electric field, the operation of the gen- 
erator for induction heating is relatively simple. The controls 
usually consist of an on-and-off switch, an intensity regulator, and 
on some units a control to tune the patient circuit into resonance 
with the generator. 

The general procedure to be followed in operating such a ma- 
chine is as follows: 

1. Apply the electrode cable or the disk. 

2. Connect the cable leads to the proper outlet terminals of the 
generator, the line switch being in the oS position 

3. Connect the line cord to a power outlet of the required 
voltage and frequenQr. If specified by the manufacturer, connect 
the machine to a good ground, such as a water pipe or the conduit 
carrying the electric circuit, if the conduit is continuous, metallic, 
and thoroughly grounded. 

4. Set intensity control at approximately of the maximum 
setting. 

5 Turn switch to the on position, noting whether the unit 
oscillates. 

6 If such control is provided, tune patient circuit into reso- 
nance. 

7. Adjust the intensity control according to the patient’s toler- 
ance, or set it at some point which gives the desired input into the 
patient, if an input less than tolerance is to be used (Schmitt 
technic). 

A machine may be so constructed that the cable is part of the 
oscillating or tank circuit of the generator. If there is too close 
coupling between the coil and the patient, the electrical constants 
of the circuit may become such that oscillation does not take 
place The remedy is obviously a lo(»er coupling, which is achieved 
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by increasing the spacing between the coil and the patient, by 
decreasing the number of turns in the coil, or by both 

If, in the case of machines which provide for tuning the patient 
circuit, it is impossible to tune to a condition of resonance, the 
cable electrode should be reapplied with fewer turns, and possibly 
with greater spacing between the coil and the patient 

Dosage. Dosage in short wave diathermy, using either the 
electric or the induction field, is the total energy input It is de- 
termined by the rate of input and the time such input is applied 
as in the case of conventional diathermy. The intensity is that 
tolerated by the patient or that, as in the case of the Schmitt 
technic, which is arbitrarily taken as adequate for the effect 
desired, namely, the production and maintenance of an active 
hyperemia The tolerance of the patient and the judgment of the 
physician as to what would be adequate and yet safe are the only 
valid guides to intensity. The duration of treatment has been 20 
to 30 minutes, repealed 2 to 4 times per week It is our opinion 
that longer and more frequent treatments would be conducive 
to better results Schmitt* has found such method of treatment 
most effective in a wide range of pathology In Fig 205 were 
given the duration and frequency of treatment recommended by 
him 

V. CONTRA-INPICATIONS FOR AlL TYPES OF DXATHERMY APPLI- 
CATION. There are actually very few contra indications to the use 
of diathermy. However, it has been generally agreed that its 
employment is contra-indicated in the following conditions 

1. Acute inflammatory processes accompanied by fever and 
non-draining suppuration, such as otitis media, appendicular 
abscess, and acute pelvic infections 

2. A tendency to hemorrhage Diathermy should never be 
applied to patients having recent hemoptysis, bleeding gastnc 
ulcers, large varicose veins, or during the period of pregnancy 

3. Menstruation Diathermy should not be given through the 
pelvis during such period 

* Schmitt, M G Optimal Dosage in Short Wave Diathermy Arch Phys 
Therap 21716 1940 
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4. Areas of anesthesia. 

5. Edema. Concerning edema as a contra-indication, Schmitt* ** 
states; “It is irell to recognize that in our chief indication for 
diathermy, namely, inflammation, we find edema to be our chief 
contra-indication. The severity of the edema is always a definite 
but also a relative contra-indication.” 

6. Peripheral nerve lesions. In the United States it has been 
generally considered inadvisable to subject such lesions to treat- 
ment by high frequency because of the possibility of associated 
anesthesia. However, recent work by Bauwens'® leads him to 
conclude: 

“Provided the circulation in a paralyzed limb is capable of 
being accelerated, a rise in temperature and efforts to keep this 
near to the normal constantly are indicated, in order to promote 
repair, facilitate movement and increase excitability. 

“This is best achieved by warming the limb in the ultra high 
frequency field provided by coil electrodes. Other methods are 
available and their efficacy is a function of their capacity to enable 
heat to reach deep structures without steep temperature gradients, 
which are hazardous In the presence of anesthesia. These provisos 
are not adequately satisfied with methods employing radiant heat 
or classical diathermy. It is not enough to warm merely the affected 
or cold part of a limb, as much as possible of the portion above 
the level should be treated so as to enhance the circulation gener- 
ally. Between treatments, which should be given twice daily, every 
effort should be made to prevent heat losses from limbs by encasing 
them in sleeves or muffs made of heat-insulating materials and 
padded after the fashion of tea cosies.” 

VI. The Diathermy PaESCRipTroN 

A. CONVENTIONAL DIATHERMY 


1. Region to be treated, eg, Sacro-iliac 

2. Technic of application Transverse 


* Schmitt, ibid 

** Bauwens, P,; Heat and Electricity ia the Treatment of Nerve Lesions 
Brit. Jour. Phys Med 5-48:1942. 
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3 Electrodes 

4 Current intensity 

5 Time 

6 Frequency 


B SHORT WAVE DUTHERMY 


Contact metal plates 
Tolerance 
30 minutes 
Daily 


Knee 


Region to be treated, e g , 

Technic and application of electrodes 
a Transverse pads applied to lateral surfaces of knee 
b Double cuffs 

c Air spaced, equally spaced on anterior surface, one above 
and one below patella, 6 inches between centers 
d Inductance cable, enarcling the knee, with 3 turns, 2^ 
to 3 inches apart 

Wavelength 6, 12, ig or 24 meters 

Spacing ^ to 1 inch 

Intensity Tolerance 

Time 30 minutes 

Frequency of treatment 3 times weekly 


VII Surgical Diathermy In considering this most important 
subject, It is believed that some discussion of the nomenclature 
used in this field will aid in a more intelligent understanding of its 
principles and uses Surgeiy, accomplished by the use of a high 
frequency electric current, is commonly spoken of as electrosur 
gery, and is divided into three different classifications, which we 
shall speak of as elecirodestccalton, dectrocoagulaUon, and elec 
troculltng 

ELECTRODESICCATION (fulguration) Elcctrodesiccation may 
be defined as the dehydration and shrinkage of superficial tissue 
by damped high frequency currents Application of the current to 
the tissue to be destroyed is made by means of a needle-pomt 
electrode held in contact or at a slight sparking distance A re/a 
lively low intensity of current is usually employed Drying and 
shrinkage of the tissue treated results, due to the evaporation of 
the water content of the tissue cells The dry mass that remains 
may be curetted away or left in place to scale or slough off 
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Careful studies have shown that following electrodesiccation 
tissue cells are shrunken and shriveled, with their nuclei condensed 
and elongated In electrodesiccation the tissue cells retain a sug- 
gestion of cell outline. Briefly, the result is a mummification nec- 
rosis. Since, with this type of cell destruction, there is little degen- 
erative change and but a small amount of disintegrated material, 
there is only a small amount of fibrous tissue formed On this 
basis are the excellent cosmetic results obtained with electro- 
desiccation explained. 

According to Kelly and Ward*' electrodesiccation is used chiefly 
for lesser growths with small blood vessels, such as warts, moles, 
corns, and similar skin blemishes. 

ELECTROCOAGULATION. Elcctrocoagulation is the coagulation of 
tissue by damped high frequency currents Application of current 
is made by means of either a sharp or blunt pointed electrode, 
inserted into the tissue to be destroyed, with a large dispersive 
electrode connected to the other terminal of the high frequency 
generator; or by means of duoterminal active electrode, consisting 
of two active electrode tips or surfaces to be inserted into or 
applied to the tissue to be coagulated, or of a specially constructed 
clamp electrode with two active surfaces between which the 
tissue to be coagulated is clamped 

In the case of the mono-terminal technic, coagulation takes 
place around the active electrode and in diminishing degree as 
distance from the active electrode increases. The depth and extent 
of coagulation obtained varies with the strength of the current 
employed, the time of application, and the size or type of electrode. 

In the case of the duoterminal technic, coagulation takes place 
between the two electrodes, both of which, since they are of the 
same size, are active electrodes. Obviously better control of the 
depth and extent of coagulation is made possible with this latter 
technic. To do carefui and safisfactoty electrocoagulation of tissue, 
it is of course necessary to be able to control by fine graduation the 
intensity of the high frequency current. 

Following electrocoagulation, there appears, to a varying depth 

° Kelly, Howard, and Ward, Grant Elcclrosurgery, W B Saunders Co , 
Philadelphia and London, 1932. 
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and extent, a change in color of the tissue to grayish-white. Histo- 
logically the cell outline is completely lost, and the coagulated 
tissues become fused into a structureless, homogeneous mass hav- 
ing an appearance not unlike that of hyalinization Briefly, the 
cells have been boiled by a high temperature in their own fluid. 
The destroyed tissue sloughs with remarkably little scar formation 
— nvach less Ihan when the cautery is employed. By cautery is 
meant the application of a heated electrode to tissue for the pur- 
pose of producing destruction The destruction produced by 
cautery is greatest near the electrode, being chiefly superficial car- 
bonization, which results in more extensive scar formation. 

ELECTROCUTTING OR ELECTROSECTION. Electrosection may be 
defined as the cutting of tissue by means of an undamped or 
slightly damped high frequency current. The cutting current is 
applied by means of a needle, a knife, or a loop electrode, with a 
large dispersive electrode connected to the other terminal of the 
high frequency generator. The energized active electrode is 
brought into contact with the tissue to be severed and an arc is 
established. As the electrode is moved, the tissue separates im- 
mediately in advance of the arc, due in all likelihood to an explo- 
sion of cells from the pressure developed by the steam generated 
within them. Coagulation of tissue to varying depths takes place 
on each side of the incision. The degree of coagulation depends 
on the technic employed in making the incision. If too much 
coagulation of tissue takes place, healing of the incision will not 
occur by primary intention If, however, only a very thin layer 
of tissue on each side of the incision is destroyed, resulting in no 
greater quantity of necrotic cells than can be absorbed, healing 
will take place by primary intention. 

TECHNIC OF ELECiRODESiccATioN. A pointed elcctrode, held in 
a special handle, Fig 206, is connected to one of the high voltage 
terminals of the generator. A footswitch is connected to the genera- 
tor so that the operator can control the current application to the 
patient by means of his foot. Current intensity is gauged by open- 
ing the spark gaps and then, wWIe stepping on the footswitch, by 
holding the active needle electrode close to a coin. The spark gaps 
are adjusted to give a short arc if light current is required, and a 
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longer arc if heavy current is needed In this manner a prelimi- 
nary adjustment of current is made. During actual application, 
however, the current intensity may need to be increased or de- 
creased 

The active electrode is approximated to the pathologic tissue 
and the footswitch closed The electrode does not enter the tissue, 
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although in some cases it may make actual contact The active 
electrode is confined strictly to the area to be desiccated After 
electrodesiccation a dry mass remains, which may be curetted 
away or left in place to slough away Patients must be warned not 
to interfere with the eschar or scab which forms. 

To obtain sufficient current with some machines it may be 
necessary to ground the second terminal of the generator to a 
suitable ground such as a water pipe Grounding to the chassis of 
the generator may suffice in some cases 

TECHNIC OF ELECTROCOAGULATION. 1 By a Single Active Eiec- 
trode Electrocoagulation differs from electrodesiccation in type 
and degree In electrocoagulation greater destruction, both as to 
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depth and area, is produced. The active electrode is introduced 
directly into the tissues, and connected to one terminal of the 
generator. The other terminal is attached to a dispersive electrode, 
a large metal plate, which is applied securely to some area of the 
body. The current employed is of high amperage and low voltage, 
such current as is used for direct medical diathermy application 
The generator is operated in the same manner as for desiccation 
and with a footswitch to control current flow. 

It has been customary to short circuit the two diathermy termi- 
nals by means of the connecting cords, and then open the spark 
gaps until a given (short circuit) current is registered on the 
milliammeter, the given current on short circuit being that which 
experience has taught corresponds to the required current for the 
desired coagulation The active and dispersive electrodes are then 
connected to the diathermy terminals which were shorted, and 
the operation started. Further adjustment of current intensity, if 
necessary, can then be secured by either opening or closing the 
spark gaps. At the termination of the operation, the terminals can 
be again short circuited, and the meter read to ascertain the actual 
short circuit current that was used, such data enabling the operator 
to duplicate his technic. It must be realized that the short circuit 
current is not necessarily the current that flows during the appli- 
cation. It serves merely as a means of duplicating generator 
settings. 

2. By a Duo-Terminal Electrode. A more recent development 
in the technic of electrocoagulation employs duoterminal elec- 
trodes, such as the Jaros Tonstl Electrode,'* the Kimble-Jaros 
Cervical Electrode^' and the Jaros Turbinate Electrode “ Figures 
207, 208, and 209 The two active applicators constituting the 
electrode are inserted into or applied to the tissues Coagulation 
occurs in the zone between the two applicators By re inserting the 
electrodes or by moving the electrodes while maintaining contact 


"Jaros, J F 
“Kjmble, H 
56 725 1938 
"Jaros, J F 
14 533-1933 


TonsiUextjrpy Arch Fhys Ther 17 346 1936 
E. Chronic Pyogenic Cervicitis The Medical World 

ElectrocoagulaUon of Turbinates Arch Phys Ther 



HlCir FREQUENCY CURRENTS 


5S5 



Ftc 207 Jaros ToDSii electrode 


with the tissues, greater areas of coagulation can be obtained With 
such electrodes no dispersive electrode Is required 
Another type of duo-terminal electrode is the so-called clamp 
type, such as the S/erwcn ffeworrAo/dflf E/cc/rodc, Fig 210 Such 
an electrode consists of a suitable clamp with jaws of mutually 
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Fig 208 Kimble-Jaros Cervical Electrode 

insulated metallic plates The tissue to be coagulated is clamped 
between these two active electrodes 

TECHNIC OF ELECTROSECTION OR ELECTROCUTTING. There SCCmS 
to be no general agreement on the term to be used to designate 
the severing of tissue by means of high frequency currents The 
term Electrosurgery includes all surgical technics with high fre- 
quency currents — desiccation, coagulation, and cutting Hence we 
believe that some other term should be used to designate the 
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cutting of tissue — some term that would be as descriptive of this 
surgical procedure as electrodesiccatioD and electrocoagulation 
are for the desiccation and the coagulation of tissue by electrical 
currents of high frequency Knisen suggests the term Endosechon, 
as indicate e of the sectioning or cutting of tissues from within 
We believe, however, that the term EleclrosecUon would be more 



Fig 210 Biennan Hanorrboidal Clamp Electrode. 
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nearly descriptive and more readily understood Furthermore, 
the term conforms with the terms in general use to designate the 
desiccation and coagulation of tissues by electricity. 

The type of current employed for electrosection is a high fre- 
quency current of about 3,000,000 cycles per second. The current 
must be undamped, or must consist of a succession of slightly 
damped oscillations With the undamped current, which is obtained 
from a vacuum tube type of oscillator, minimal lateral coagulation 
is obtained for a given electrode and speed of cutting With the 
slightly damped current, as obtained from a spark gap type of 
oscillator, more coagulation is obtained If the damping of the 
oscillations is too great, no cutting will be obtained Such a highly 
damped current is used for the other surgical procedures, namely, 
coagulation and desiccation 

The field of electrosection is e\tensive. No attempt will be made 
in this book to describe the technics to be employed, for such 
applications of electricity are outside the scope of this work For 
information on the subject it is suggested that a work such as that 
by Kelly and Ward'’ be consulted. 

“Kelly, Ho^satd, and Ward, Grant Electrosurgery W B Saunders Co , 
Philadelphia and London, 1932 
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The wde\y employed term short wave therapy, with qualifying 
wavelength to designate the therapeutic application of high fre 
quency fields and currents of various frequencies, is unfortunate 
in that It connotes ne are dealing with a form of radiant energy 
of various wavelengths capable of producing specific effects as 
m the case of x rays and ultraviolet and infrared radiation This 
IS confusing and has led many to assume that, as with radiation, 
specific effects should be obtainable 
Eidmow* in a discussion on short wave diathermy stated 
“Many workers m the field of short wave therapy have tried to 
establish a new physiolo^ and a new pathology in their zeal, and 
have been earned away by enthusiasm Their discovery and their 
observations may be justly challenged, as they are incorrect and 
cannot be repeated by others ” 

In the foregoing section it was shown that the application of 
high frequency fields, either electric or magnetic, should and 
could be analyzed on the basis of electric circuit theory The 
effect of frequency on the absorption of power by the load and 
the reasons for using the range of frequencies thus far employed 
clinically were fully discussed 

Many effects have been daimed for short wave diathermy, some 
well established and others which must still be considered specu 
lative The literature on the subject contains much that deals 
with thennic effects In addition much discussion and expert 
mental work has been published on types of reactions which ap 
pear without simultaneous measurable temperature rise 
‘ Eidmow A Discussion on Short Wave Therapy Proc Roy Soc Med. 

30 219 1937 

sss 
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The various effects, both those established and those for which 
conclusive evidence is still not available, which are claimed for 
short wave diathermy, wall be discussed in the following para- 
graphs, and the evidence presented carefully evaluated in the 
light of present available information The importance to a physi- 
cian of a knowledge of the effects of high frequency fields and of 
the probable mechanism by which such effects are brought about, 
cannot be too greatly stressed Rational therapeutic application 
should be based on such knowledge. 

The effects claimed for short wave diathermy are thermal, elec- 
trical, bactericidal, and biologic Other effects, possibly of a chemi- 
cal nature, have also been claimed The primary effects of high fre- 
quency fields are probably thermal and electrical All phenomena 
should, if possible, be explained in terms of generally accepted 
physical and chemical laws before attributing such phenomena 
to some assumed and mysterious effect of the causative agent. 
In what follows we shall attempt an explanation of the effects 
discussed in terms of the thermal and electrical effects of the 
high frequency field 

After giving careful consideration to the evidence presented in 
the literature in support of the various effects claimed for short 
wave diathermy, it is our opinion that much of the disagreement 
is more apparent than real for the following reasons 

1. That many investigators cither fail to recognize the differ- 
ence between heat generation in tissues and the rise in tempera- 
ture, or, if they do appreciate the difference, do not make that 
fact sufficiently evident. 

2. That, if no temperature rise can be measured, the assumption 
b made that no heat is being generated. 

3. That laboratory experimenters only too frequently fail to 
maintain constant all variables except those which are to be com- 
pared 

4. That clinical investigators and others who, by the condi- 
tions of the experiments, are unable to maintain all variables con- 
stant except those between which a relationship is to be deter- 
mined, fail to accumulate sufficient data for statistical interpreta- 
tion. 
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5. That, in attempting to duplicate the experiments of others, 
investigators have not always duplicated all conditions of the ex- 
periments with the result that data are obtained apparently dis- 
proving the point in question. 

Although in our opinion, based on available evidence, all ob- 
served therapeutic effects can be explained on the basis of heat 
generation, with or without measurable temperature increment, 
we fully realize that further experimentation may present evi- 
dence substantiating claims which today are speculative How- 
ever, until the proponents of such claims have presented experi- 
mental evidence which can be duplicated by others, physicians 
should base the application of short wave diathermy solely on 
effects which are at present well-established 

Selective Heating In Section Two it was shown by a mathe- 
matical and physical analysis of the heating of electrolytes in 
high frequency electric fields that the power absorbed, and conse- 
quently the resultant heating, is a function of the specific con- 
ductivity, the dielectic constant, and the frequency of the field 
The higher the frequency, the higher the concentration of the 
electrolyte in which energy is absorbed at the maximal rate From 
this fact, many erroneously concluded that, knowing the specific 
conductivity and the dielectric constant of the tissue to be heated, 
a frequency could be selected which would heat that tissue pri- 
marily without affecting materially the temperature of the con- 
tiguous tissues having different conductivities and dielectric con- 
stants but which are also subjected to the field. 

There are, however, at least two very serious and insurmount- 
able limitations to this concept, one being the effect of increased 
temperature on the electrical conductivity. This effect is un- 
doubtedly considerable. In Figure 129 the resistivity of isotonic 
saline in ohm<nis is plotted against temperature Its resis- 
tivity at 37® C (98 6® F.) is about 52 ohm-ems and at 41° C. 
(105 8° F.) is 49 ohm-ems, corresponding respectively to con- 
ductivities of 0 0192 and 00204 ohm'^ cms'\ Obviously, a fre- 
quency that may show selective heating at one temperature may 
be much less effective at higher temperatures. If the frequency 
/ produces maximal power absorption at 37° C. when the conduc- 
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tivity is 0.01923 ohm'* cms."*, a frequency of 0 0204/0 0192 / or 
1.0625 / TFOuld be required to produce maximal power absorption 
when the temperature of the electrolyte is raised to 41° C.^ repre- 
senting an increase in frequency of 6.25 per cent. (The dielectric 
constant of the dectrolyte was assumed the same for both tem- 
peratures.) In Figure 138, Curve I gives the frequency for maxi- 
mal power absorption of an electrolyte placed in an electric field 
for constant intensity of current as the conductivity is varied. 
Assuming a linear relationship, the curve can be extrapolated, 
obtaining for a conductivity of 0.0192 ohm'* cms.'*, a frequency 
of 43,200,000 cycles per second; and for a conductivity of 
0 0204 ohm * cms."*, a frequency of approximately 6 25 per cent 
greater as already computed, or 45,900,000 cycles per second 
Hence, to maintain maximal power absorption in a given type of 
tissue throughout the treatment, continuous adjustment of fre- 
quency to feeep pace with increasing conductivity would be re- 
quired. Such procedure would be inconvenient and well-nigh 
impossible. Furthermore, such selective power absorption is un- 
necessary as will be shown later. 

Secondly, as Mortimer* has shown, the blood flow and the rapid 
interchange of heat in the living body may reader the differences 
of temperature negli^ble for all practical purposes, a fact which 
McLennan and Burton* also pointed out. 

Schliephake’s work,* as well as that of others on selective 
thermal action and uniform and penetrating heating, has been done 
mostly on dead tissue and on phantom models, and as Schliephake 
himself states: “It remains for further studies to determine the 
presence or absence of parallel selective reactions in the living 
human; hence final conclusions from the facts can be drawn only 
after comparison with similar observations in living human ma- 
terial.” 

Numerous measurements by various investigators on the hu- 

’ Mortimer, Bernard- Espenmcnlal Hyperthermia Induced by High Fre- 
quency Current Radiology 16.705 1931. 

•McLennan, J C , and Burton, A C. TTie Healing of Electrolytes in High 
Frequency Fields Canad J Research. 3*224 1930 

• Schliephake, E • Kurzwellen Therapie Gustav Fischer. Jena, 1932 
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man thigh of living subjects demonstrated no specific action of 
different wavelengths of high frequency energy in heating the 
tissues of the thigh. 

In a study of vaginal and rectal temperatures attained by 
utilizing 9, 15, 16 4, and 24*meter short wave diathermy applied 
to the pelvis, Coulter and Osborne* found no significant differ- 
ences in heating effects in relation to wavelength They did find, 
however, a higher vaginal and rectal temperature rise, V/z to 
2° F., when the high frequency induction field was used employ- 
ing a wavelength of 24 meters Fig 175. A study of their data 
indicates that the rise was not due to the difference in wavelength 
but to the method and technic of application 

Horowitz, Gottesman, Derow, and Schwarzschild* also studied 
the effects of short wave diathermy on rectal and vaginal tempera 
tures They used nine different apparatus whose wavelength varied 
from 6 to 18 meters Their findings were in agreement with those 
of Coulter and Osborne However, when they used a localizing 
metal vaginal electrode in the vagina as the active electrode, they 
were able to secure much higher temperatures Thus the higher 
temperatures attained resulted, not from the wavelength used, 
but from the technic employed 

Coulter and Carter’ also conducted an investigation of the 
heating of living human tissues by short wave diathermy machines 
cf different, wavelengths Theic study was undectakea to deter- 
mine the efficacy of various short wave diathermy generators 
in heating the muscles of the thigh of Jiving human subjects They 
employed electric fields of 6, 12, 18, and 24-meter wavelength, 
using the cuff electrode technic, and induction fields of 12, 18, and 
24-meter wavelength The cuff electrode of the electric field 
and the coil of the induction field \>ere selected because previous 


* CouUei, J S , and Osborne, S L Short Wave Diathermy A Compara 
live Study in Pelvic Heating Arch Phys Therapy 17 135 1935 
‘Horowitz, E , Gottesman, S , Derow, D , and Schwarzschild. M Tempera 
tUTC Elevations During Pelvic Short and Ultra Short Wave Treatment Arch 


Phys Therapy, X-Ray, and Raduim 
' Coulter, J S , and Carter, H A 


17 422 1936 

Heating o! Human Tissues by Short 


Wave Diathermy, JAMA 106 2063 1936 
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work by Mortimer and Osborne* showed these methods of ap- 
plication to be the most effective for heating (issues of those in 
general use at the time this investigation was conducted. They 
were unable to demonstrate that one wavelength was superior 
to another for heating the vascular tissues of the thigh. Coulter 


TABLE S9 


Author 

Tissue 

Jlfauma] for 
Heating 

hliaunal for 
Heating 

Schliephake 

Fat 

14 5 meters 

7 meters 

Gebbert 

Fat 

3 to 16 meters 

No difference 

Bacbem 

Fat 

S meters 

Not given 

Schereschenshy 

Muscle 

4 69 meters 


HoUer and 
eissenberg 

hluscle 

20 meters 


Gebbert 

bfuscle 

So difference when using 3 to 16 meters j 


and Osborne* studied tissue heating using 6, 9, 12, 15, 18, and 
24 meter wavelengths, and they too found no significant differ- 
ence, They used both the induction field and the electric field 
Both cuffs and air-spaced electrodes were employed with the elec- 
tric field. They believed that the efficiency of heating \vith air- 
spaced electrodes is dependent on the size of the electrodes, the 
energy available from the apparatus, the method of application, 
the distance of the electrodes from the skin, and the patient's 
tolerance. 

Evidence has been presented by many workers that wavelength 
probably does play a part in the selective heating of non-living 
tissues But even in this regard the evidence presented is chaotic 

* Mortimer, B , and Osborne, S L Tissue HeatJng by Short Wave Djafber 
my, Some Biological Observations JJLMA 104 1413 193S 

• Coulter, J S , and Osborne, S L Short Wave Diathermy m Heating of 
Human Tissues Arch Phys Therapy 17 679 1936 
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and difficult of interpretation No two workers seem to agree as to 
the most effective wavelength for heating various nonliving 
body tissues Table 59 shows the lack of agreement m the results 
reported by various investigators 
Fig 2II shows the results of 279 experiments made by 
Coulter and Osborne'® on the thighs of adult male medical stu 
dents These investigators used every type of generator then in 

/07 - 





Fic 211 Average final temperaturea attained at a depth of approximately 
2 mcbes in the living human thigh at the end of a twenty minute applicat on 
of high frequency clectnc and magnetic fields of various wavelength. (From 
Coulter and Osborne JAMA. 110 639 1938) 

use, operated under ideal conditions The wavelengths of 6 8 9 
12, 14, IS, 18, 23, 24, and 25 meters were used They concluded 
that wavelength per se is not the determining factor m tissue 
heating in the living subject but that the characteristics of the 
machines, the energy delivered to the patient, and the technic 
of application have important roles 

• Coulter J S and Osborne S L Wavelength m the Heating of Human 
Tissues by Short Wave Diathermy JA3IA. 110 639 1938 
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Pratt and Sheard” concluded from their experiments on dogs 
subjected to an electric field having a frequency of 27 5 mega- 
cycles, corresponding to a wavelength of 10 9 meters, that when 
a considerable air space separates the electrodes from the sur- 
face of the tissue, the change in temperature produced in the 
deep'lying intra-articular tissue is greater than that produced in 
the subcutaneous tissues, and that the converse relation obtains 
when the electrodes are placed close to the surface of the tissue. 
They state that their experimental evidence clearly demonstrates 
that it is possible to produce abnormally high temperature in a 
chosen region by means of local applications of short wave electric 
energy of sufficient intensity, and, furthermore, that these rela- 
tively high temperatures may be produced in the deep tissue of 
the region without the simultaneous production of high tempera- 
tures in the superficial tissues of the region exposed to the high 
frequency electric field of the type used in their investigation. 

liie conclusions of Pratt and Sbeard were not substantiated by 
the work of Coulter and Osborne, who in a series of 279 measure- 
ments of the deep and the subcutaneous temperature of the thigh 
of living human subjects, exposed to fields of 6 to 25 meters in 
wavelength, found no case in which the deep temperature exceeded 
that of the subcutaneous tissues for field intensities that could 
be tolerated by the patient However, the relative amount of heat 
developed in tissues exposed to high frequency fields, which dif- 
fer markedly in their electrical characteristics as for example, 
fat and vascular tissues, can be influenced by varying wavelength 
and by technic of application This has already been discussed in 
foregoing paragraphs of this section and in Section Two on the 
physics of high frequency fields and currents 

Rajewsky and Schafer” investigated the distribution of short 
wave energy in various body tissues to test the theory of selec- 
tive tissue heating experimentally. They conluded there Is no such 

“ Pratt, C B , and Sheard, Charles Thennal Changes Produced m Tissues 
by Local’ AppliMtions of Radiotbemy Proc. Soc Exper Biol and Med 
32 766 I93S 

“ Rajewsky, B , and Schafer, H • Hiysfkalische Grundlagen der Ultra 
kurzTveJJeDtberapje Deutsche med Wchnschr 63 1065 1937 
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thing as an optimal wavelength for the selective heating of definite 
tissues in the body by means of the high frequency electric field 

Kowarschik’* states that the deep action of short waves depends 
on the size of the electrodes and their distance from the body. 
According to him, depth heating will be increased by increasing 
the size of the electrodes and by spacing them at an optimal dis- 
tance from the body The coil field, he states, is superior to the 
condenser field as a means of producing heat in the deeper tissues 
These conclusions are in general agreement with the theoretical 
deductions in Section Two, 

Krasny-Ergen** states that an analysis of so-called point heal- 
ing shows that only very small differences in temperature can 
arise between particles of microscopic size and their surroundings 
He does not believe that this small difference can produce any 
particular effect In his opinion temperature gradients of the 
magnitude obtaining between microscopic particles and their 
suspending medium in the short wave field produce no noticeable 
effects Non-thermic effects he defines as those produced by forces 
due to electric charges which are induced in colloidal particles 
by the field Such effects are, according to him, the formation of 
chains of suspended particles, decrease of dispersity, increase of 
viscosity of colloidal soluUons, and change oi rate of sedimenta- 
tion. These effects will be discussed under the heading Specific 
Electric Effects 

Conclusions. From a consideration of the experimental evi- 
dence presented in the foregoing discussion, one concludes that 
the selective heating of an organ or of tissues, to the exclusion of 
other organs and tissues in the living animal, all of which are ex- 
posed to the high frequency field, is not likely to occur However, 
if a heterogeneous mass of tissue is exposed to a high frequency 
electric field, the relative proportion of the total energy input 
that is converted into heal in the vascular and adipose tissue 
components, can be controTled mlbin limits by varying Vne irt- 

"Kowarschik, J‘ Uber die Ticfenwirkung der Kurzwellen Med KJm 

^^“^Krasny Ergen, W • Punktwarme nnd spezifische EEfekts Radiologica 
1-136 1937. 
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quency of the field Furthermore, when using the induction field, 
properly applied, the heat generation is primarily in the vascular 
type of tissue as ivas sbonn by Memman, 'Ho}n7quest, and Os- 
borne.^® 

To this extent, and to this extent only, are we justified on the 
basis of available evidence to claim selective heating effects for 
short wave diathermy. It is to be noted that in the foregoing care 
was taken to use the term heat generation instead of temperature 
rise There may be no appreciable rise in temperature although 
electric energy is being absorbed, for the temperatures of the 
various organs and tissues quickly equalize because of the rapid 
transfer of heat by the circulating blood 

The rapid transfer of heat by the circulating blood is the body’s 
most fundamental mechanism for internal adjustment to ex- 
ternal or internal thermal influences Furthermore, the circulatory 
changes brought about by the generation of heat in tissues, un- 
doubtedly account for the beneficial therapeutic effects obtained 
with short wave diathermy, rather than a temperature rise of the 
tissues per se 

Non-Specific Heating From the foregoing discussion, one 
must conclude that the generation of heal in isolated organs or 
tissues without generating heat in contiguous organs or tissues, 
which are also subj'ected to the high frequency field, is not possi- 
ble It is true that, by proper choice of frequency range and 
method of applying the high frequency energy, the rate of heat 
generation in tissues of certain electrical characteristics can be 
made greater than in tissues having markedly different character- 
istics It would seem preferable to generate the heat dominantly 
in the vascular tissues, permitting the circulating blood to con- 
vey heat to tissues of lower electrical conductivity in the manner 
that such tissues are warmed normally. 

•fibgree xArnlii Vrie *«ssat5i tn xagirwi a. 

perature elevation when beat is generated in them by short wave 
diathermy, will depend on the following factors (1) The effi- 

” Memman, J R , Holmquest, H J , and Oibome, SLA New Method 
of Producing Heat in Tissues, The Inductotherm Am J of Med Scienws 
iST 6Tr igs4 ' 
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ciency of the circulating blood in djssipating the heat generated, 
(2) the thermal conductiwty of the contiguous tissues, (3) the 
thermal capacity of the bssues absorbing the energy; and (4) the 
rate at which energy is bdng absorbed. 

Although no appreciable rise may take place in the temperature 
of the energy absorbing tissues, that very fact provides evidence 
that definite circulatory changes must have taken place In the 
case of dead tissues, the transfer of heat from one type of tissue 
to another is dependent only on thermal conduction, and conse- 
quently temperature measurements on such tissues give no indi- 
cation of what the temperature would be in similar living tissues 

Osborne'* undertook an investigation to determine whether the 
temperature of bone marrow in living animals can be elevated 
He subjected the legs of very large dogs to high frequency fields 
to determine whether an elevation in temperature could be ob- 
tained, and whether such elevation fs greater than that of the 
adjacent muscle Both electric and magnetic high frequency fields 
were employed With both methods of application temperature 
elevation of the bone marrow was obtained, average final tem- 
peratures after a 20-minute application being 104 7® F for an 
electric field of 6 meters, 106° F. for an induction field of 12 
meters, and 107 4° F for an induction field of 24 meters Cone- 
sponding average final muscle temperatures were 106 2° F, 
108 0° F , and 111 4° F. The ratios of average final muscle tem- 
perature to average final bone marrow temperature were 1 0143, 
1.0190, and 1 0373, respectively for the 6 meter electric field, the 
12-meter induction field, and the 24-raeter induction field The 
degree to which the elevation of the marrow temperature was due 
to electrical energy being converfed into heat energy within the 
marrow itself, and to heat being conveyed to the bone marrow by 
conduction and circulation from the vascular tissues, was not 
determined Undoubtedly both were instrumental in bringing 
about the temperature rise. The important conclusion that can be 
drawn from these experiments is that bone marrow can be heated, 

“Osboroe, S L pissertatioa for Master of Science Degree Northwestern 
University, Evanston, 1938 
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but that such heating does not exceed the heating of the adjacent 
muscle. Fig. 212 shows the temperature rise in the bone mar- 
row and in the muscle of the leg of a dog, and also the cooling 
curves. 

Hibbs and Osborne’^ conducted a careful investigation of the 



Fig 212 Temperature nse obtained in the bone marrow and muscle of the 
leg of a dog by application of short wave diathermy Curve M for muscle, 
Curve B for bone marrow 


heating obtainable in the region of the prostate by various meth- 
ods, including short wave diathermy by the induction field. The 
induction field was applied as described in the section dealing 
with technic. ConrcntJon3J tiiathenny was also used, making 
application by means of a prostatic orificial electrode Tempera- 
tures in the posterior urethra were taken by means of a thermo- 

” Hibbs, Donald K , and Osborne, S L Short ^Vave Diathermy m Chronic 
Prostatitis Am J. Med Sciences 201 547:1041. 
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couple The average rise with conventional diathermy was 5 1° F 
and that wth the high frequenqr induction field 2 0° F The favor 
able clinical results obtained with inductothermy indicated that al 
though the temperature attainable with that method of appli 
cation IS not so great as that attainable with conventional diathermy 
applied by means of an orificial electrode placed in the rectum 
in apposition to the prostate adequate healing to bring about 
circulatory changes which beneficially affect the pathology is 
achieved Heat was generated in the entire pelvis to a much 
greater extent by the induction field application than by conven 
tional diathermy m which case a localizing of heat generation 
m the region of the prostate occurred It would seem that the 
more generalized heating and resultant active hyperemia obtained 
ivith inductothermy might be preferable 

Andreen and Osborne * made measurements of the temperature 
of the maxillary antrum of 17 patients before and following the 
application of heat by various methods They found that indue 
tion heating produced the highest temperature In their patients 
no surgical procedures had interfered with the normal structure 
of the antrum Although pathologic the antrum was therefore 
a close approximation structurally to that of the average person 
Each patient had active infection subacute or chronic in one or 
both antrums Fluid was present in many cases They found that 
with induction heating the average increase m temperature was 
0 6® F The temperature increase ranged from 0 3° F to 2 6° F 
Andreen and Osborne concluded that it might well be that the 
therapeutic benefits are due in part to an increased circulation 
leading to an active hyperemia rather than to any change in tern 
perature They expressed the view that better therapeutic results 
might therefore be secured with daily treatment of relatively long 
duration This view conforms with that expressed by Schmitt 
(See Section Three ) 

Puntenny and Osborne * conducted an experimental study on the 
heating of the conjunctiva the vitreous and the orbit of dogs 


•Andreen M A and Osborne S L Jleasuremenls of the Temperature 
of the Maxllary Sinus after Treatment by Vanous Methods of Heatm? A 
Comparative Study Arch. Otolog 24 331 19J6 
“Puntenny 3 and Osborne S L Temperature Changes and Changes 
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by short wave diathermy, using a high frequency electric field of 
30,000,000 cycles per second applied by means of air-spaced elec- 
trodes inches in diameter. One electrode was placed two inches 
from the eye, and the other two inches from the skin at the back 
of the neck. The electrodes were also applied, one to each eye, 
vrith a spacing of two inches between each electrode and the eye, 
the distance between electrodes being five inches The time of ap- 
plication of the field was twenty minutes Both heating and cool- 
ing curves for the various ocular zones mentioned were obtained. 
It was found that these curves bore a definite relation to the body 
temperature, both during heating and cooling They found it im- 
possible to restrict heating exclusively to the eye 

Microscopic studies indicated that no irreparable damage re- 
sulted to the eye for eye temperatures of 106 to 107* F. main- 
tained for twenty minutes Photographic examination showed 
that the caliber of the retinal vessels In the anesthetized dog is not 
altered by the application of short wave diathermy under the 
conditions of this experimental study. 

Measurements were made by Osborne** of the temperatures 
within the stomach of a human subject before, during, and after 
the application of a high frequency induction field to the region 
of the stomach Temperature measurements were made by means 
of a thermocouple in contact with the metal end of a Refus tube, 
which was introduced into the stomach In Fig 213 the tempera- 
tures measured within the stomach during the course of the ex- 
periment are plotted The temperature rose when the field was 
applied and dropped when the field was removed, proving that the 
temperature of the stomach can be elevated by the application of 
the induction field. 

Schmidt, Beazell, and Ivy,** in an investigation of the effect of 
heat on the blood and lymph flow of the intestine and the colon 


m Caliber of Retinal Blood Vessels after Short Wave Diathermy. Arch 
Ophthal 22:211 1939 

* Unpublished data 

” Schmidt, C. R., Beazell, J M , and Ivy, A C : Effect of Heat Applied 
by the Elliott Treatment and Short Wave Diathermy on Blood and Lymph 
Fhw of Intestine aod Cofew (Aa ExpeaineatsJ Slvdy m the Dog) Arch of 
Phys. Therapy, X-Ray, and Radium. 18 677.1937. 
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of dogs, found that increase m temperature increased the flow of 
blood, but did not increase the flow of lymph unless the tempera 
ture was elevated to a point at which tissue injury occurred These 
investigators used both conductive heat and the short wave in 
Auction field in their study Conductive heat was applied directly 
to the intestinal lumen of the experimental animals by means of 
the Elliott treatment regulator, which consists of a thermostatical 
ly controlled water bath and electrically driven pump, which cir 



culates the heated water through a slightly distensible gum rubber 
applicator The high frequency induction field was applied by 
means of a coil of three turns enarcling the abdomen of the ex 
perimental animals 

In Fig 214 IS plotted the blood flow in the intestine for the un 
treated or control group for the group m which conductive heat 
was employed, and for the group subjected to the induction field 
Immediately upon application of conductive heat directly to the 
intestinal lumen, the rate of blood flow began to increase whereas 
with the high frequency mduction field the flow remained un 
altered during the first 30 minutes of application The difference 
in lag between application and flow increase for the two methods 
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of application seems explainable by the fact that, in the case of the 
conductive heat, heating of the intestine took place immediately, 
whereas with the induction field the temperature rise of the in- 
testine occurred concurrently with increase in general body tem- 
perature. 

During the first half hour of induction heating, the temperature 
of the animal \\as raised to 38 9* C ; during the second half hour 
from 38 9° to 41 5® C During the second half-hour, the blood 



Fic 214 Effect of Heat on Intestinal Blood Flow in Dogs (From Schmidt, 
Beazell, and Ivy Archives of Ph>sical Therapy, X-Ray and Radium 18 
677 1937 ) 

flow was considerably augmented The rate of blood flow rose to a 
maximum and then gradually diminished to the level obtaining be- 
fore the experiment as it did when heat was applied locally When 
the flow was a maximum, approximately three times as much 
blood flowed through the intestinal segment. These men state that 
it is of mferest to note that, ia artiSaal fever induced by tbe 
induction field, the blood flow is increased through the visceral 
vessels as well as through tbe peripheral vessels 
Specific Electric Effects By electric effects are meant those 
effects of an electric or magnetic field which are due to the attrac- 
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live or repellent forces of the electric or magnetic field, but which 
effects are independent of the thermal effects of such fields Should 
such electric effects occur, as for example the orientation of 
polarized molecules in an electric field, these effects must of neces- 
sity be accompanied by the generation of some heat although of 
relatively negligible quantity. To orient a polarized molecule or 
to displace an electronic orbit requires work. This work is trans- 
formed into heat, and may or may not give rise to a measurable 
absorption of energy and rise in temperature. To polarize the 
dielectric of a condenser, and so charge the condenser, a very 
appreciable amount of energy is required This absorption of 
energy, known as the dielectric hysteresis loss, results from the 
work done by the electric field in producing displacement of elec- 
trons within the dielectric. This energy causes a rise in tempera- 
ture of the dielectric. In this case we encounter both electric and 
thermal effects of the electric field In the discussion that follows, 
it must be kept in mind that the principle of the conservation of 
energy holds No change in arrangement of molecules or of ag- 
gregates of molecules, or no change in their kinetic energy, can 
take place without the expenditure of energy This energy is usu- 
ally transformed into thermal energy, manifesting ifself in a 
temperature rise of the absorbing body. If the rate of heat dis- 
sipation is initially equal to the rate of energy input, no rise will 
take place. But if not, the temperature will rise until the rate of 
dissipation increases to equal the rate of energy absorption Ob- 
viously, this rise in temperature may be small or large In this 
discussion of electric effects, we shall assume that the temperature 
rise is negligible — but one must not assume therefore that no heat 
is generated. This is a point that we have repeatedly emphasized in 
our discussion of the effects of short wave diathermy. 

Before discussing the electric effects claimed in the literature 
for short wave diathermy, we shall consider the general charac- 
teristics of electric and magnetic fields, both those of constant 
intensity and those of an alternating character, and the effect of 
such fields on bodies of macroscopic size under various conditions 
A thorough knowledge of what happens when materials of various 
characteristics are placed in an electric field— knowledge that is 
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based on experiment and wdl-cstablisbed laws of electricity — is 
of inestimable assistance in understanding what may or may not 
happen when exposing biolo^c material to high frequency fields, 
and provides a basis on which to judge alleged effects of such 
fields Furthermore, such information will aid in analyzing effects 
that may be observed fay users of short wave diathermy. Our pur- 
pose in presenting this viewpoint is to encourage the employment 
of well-established physical laws and concepts in the explanation 
of phenomena which might be observed This discussion must of 
necessity be brief; those desiring a more detailed and*technical 
treatment of the subject should consult the various references 
given. 

Characteristics of the Electric Field. The results of early experi- 
ments in the field of electrostatics may be embodied in the follow- 
ing qualitative laws: 

1 . Like charges repel, unlike charges attract. 

2s The force between two charges decreases as the distance 
between them is increased. 

The important part played in electric phenomena by the dielec- 
tric, i.e. the insulating medium between charged conductors, led 
Faraday to postulate the existence of lines of stress in this medium 
having the following properties: 

1. They are continuous and terminate at conductors, the posi- 
tive charge on one conductor and the negative charge on the other 
being merely the ends of these lines. 

2. The direction of the line of force at any point follows the 
resultant of the electric forces acting on a conductor of positive 
potential placed at that point. 

3. Dielectric lines of force in the same direction repel and in 
opposite directions attract one another 

4. The strength of an electric field is measured by the density 
of the lines of force, i e. the number of lines per unit area at right 
angles to the direction of those fines. 

Clerk Maxwell showed that the forces between charges could 
be correctly represented by assuming the Faraday lines of force 
to be under a tension equal to k EV(8n) in the direction of the 
lines, and a pressure k E*/(8n) normal to them, and also showed 
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that such a system of tensions and pressures would be in equi- 
librium. In the expressions for tension and pressure, k is the di- 
electric constant of the medium and E the intensity of the field 
The lines of force, because of this tension, would pull the op- 
posite charges together, and the pressure of the lines on each other 
at right angles to their direction would push like charges apart 
The lines of force would tend to shorten until the pressure at 
right angles to the lines would be equal to the component of the 
tension in this direction. One can gain a mental picture of what 
occurs by imagining a rubber band stretched from one point to 
another over a small block of rubber. The tension in the rubber 
band will compress the rubber block until the rubber block exerts 
an opposing force equal to the component of the tension tending 
to compress the block. 

The tensile and compressive forces of the electric lines of force 
provide an explanation of the motion of bodies, charged and un- 
charged, that are placed in an electric field Furthermore, the 
conception of lines of force due to Faraday and Maxwell, seems 
to explain effects on bodies exhibiting polarity and hence possess- 
ing electric moments. 

There are, however, limitations to Maxwell's theory That the 
electrostatic forces on charged conductors may be represented in 
terras of Maxwell's tension in the direction of the electric field 
and pressure at right angles to it, is undoubtedly true, but di- 
rectly we attempt to form an idea as to the nature of the medium 
in which these stresses exist, we meet with grave difficulties, as 
has been shown by Poincare Maxwell’s idea of a state of strain 
in the medium, although extremely useful in studying electrical 
effects, breaks down as Poincare has shown, directly we attempt 
to give to the medium the properties of ordinary matter 
Characteristics of the Magnetic Field The early discoveries in 
magnetism may be summed up in the two qualitative laws 
1 . Like poles repel, unUke poles attract 
2 The force between two poles decreases as the distance be- 
tween them is increased. , ^ 

The properties of the magnetic lines of force, postulated by 
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Faraday to explain the phenomena occurring in the magnetic field 
surrounding a conductor carrying an electric current, are: 

1. All magnetic lines of force are continuous and close upon 
themselves. 

2. The direction of a magnetic line of force at any point follows 
the resultant of the magnetic forces acting on a north pole placed 
at that point. 

3. Magnetic lines of force in the same direction repel and in 
opposite directions attract each other. 

4. The strength of a magnetic field is measured by the density 
of the lines of force, i e the number of lines per unit area at right 
angles to the direction of the lines. 

As in the case of the electric lines of force, there is tension 
along the lines of magnetic force and pressure normal to them 
In dynes the tension is given by the expression MHV(8n), as is 
also the pressure, m being the magnetic permeability of the me- 
dium and H the field intensity. 

It is to be noted that the two fundamental laws of magnetism 
are analogous to the corresponding laws for electric charges. The 
properties of the postulated magnetic lines of force are similar to 
those of the electric lines of force, except that the lines of mag- 
netic force are continuous and close upon themselves, whereas 
lines of electric force are continuous but terminate on conductors. 

There are, however, certain fundamental differences between 
electric charges and magnetic poles First, every magnet has equal 
quantities of north and south magnetism It is impossible to 
isolate north and south poles on different bodies. If we wish to 
deal with a north pole alone, the best we can do is to employ 
a needle so long that the force exerted by the remote south pole 
in the vicinity of the north pole is negligible in comparison with 
that of the north pole. 

A second difference is the absence of any such substance as a 
conductor of magnetism. There is no substance known in which 
magnetic poles move under the influence of magnetic forces with 
the freedom that electric charges move in a conductor when sub- 
jected to electric forces However, there are many similarities be- 
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tween magnetic and electric phenomena For example, an un- 
magnetized piece of iron, when placed near a pole of a strong 
magnet, becomes magnetized by induction in much the same way 
that a conductor is charged inductively when placed in an electric 
field An analogy closer still to magnetic induction is the polariza- 
tion of a dielectric placed in an electric field 

It is important to note that no force is exerted by an electric 
charge on a magnetic pole when both are at rest relative to the 
observer, and vice versa. 

Polarization A device consisting of two parallel plates, sepa- 
rated by an insulator, is capable of storing up a charge of elec- 
tricity. Such a device is called a capacitor or a condenser With 
air as the dielectric, a condenser of given dimensions will have a 
given capacitance Should the air be replaced by a solid or liquid 
dielectric, its capacitance will be increased, and the ratio of the 
new capacitance to that obtaining when air was the dielectric is 
known as the specific inductive capacitance, or dielectric con 
stant, of the solid or liquid that was used as the dielectric * The 
increase in capacitance is due to a separation of the charges 
within the dielectric under the action of the applied field These 
charges are drawn toward the plates of opposite polarity, but the 
internal atomic forces prevent them from leaving the dielectric 
As a consequence of the displacement of charges in the dielectric 
towards the plates of opposite polarity, the potential of the posi- 
tive plate tends to drop and that of the negative plate to rise 
If a constant difference of potential is maintained by an outside 
source, there will be an increase of the charge on each plate up to 
that point where there is a balance of the counterfield produced 
by the charges in the dielectric 

The phenomena just described constitute what is known as 
polarization of the dielectric. There are several types of polariza- 
tion: electronic polarization, m which the electrons within the atom 


• Stnctly speaking the dielectric constant of a matenal is the ratio of the 
capacitance of a condenser with that matenal as its dielectric to the capacitance 
of the condenser when its dieleclnc is a vacuum For all practical purposes, 
however, air at a pressure of 760 mm. Hg and a temperature of 0 C may 
taken as the basis of comparison, its dielectnc constant being 1 OOOS9 as com 
pared with unity for a vacuum 
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are displaced with respect to the positive nucleus ; atomic polariza- 
tion, or polarization due to the molecules being stretched, twisted, 
or bent by displacement of atoms within the molecules, molecular 
polarization, or polarization due to a permanently polarized con- 
dition of some of the molecules of a substance; and that type of 
polarization, more commonly observed in liquids and gases, due 
to an excess of charges, known as space charge, near the elec- 
trodes. 

In solids at ordinary temperature, electronic polarization is by 
far the most important, and is a property of all dielectric sub- 
stances The other types of polarization are often absent in solid 
dielectrics, and if present, occur only in relatively small degree. In 
liquids, however, the latter types of polarization are of impor- 
tance. Since most biologic material partakes of the characteristics 
of a liquid, largely composed of polarized molecules, let us discuss 
in more detail polarization due to the orientation of molecular 
dipoles. 

As stated above, polarization is sometimes due to the perma- 
nently polarized condition of some of the molecules of a substance. 
The njoiecuies of some substances are symmetrical as regards 
their electrical atomic structure In others, however, a slight dis- 
symmetry results in a slight separation of the mean positions of 
the total positive and the total negative charges of the molecule. 
Such a molecule is called a folar molecule^ and has an electric 
moment equal to the product of the charge and the distance be- 
tween the centers of gravity of the positive and negative charges. 
If such a molecule, which is called a dipole, is subjected to an 
electric field, the attractive and repellent forces between the 
charges and the field will tend to orient the molecule in the field 
with its axis set along a line of electric force. ^Vhen a material 
containing polar molecules is placed in an electric field, these 
molecules will tend to rotate and will usually add a further polariz- 
ing action to the atoiilic polarization Hence, such a material will 
usually have a higher dielectric constant than one in which atomic 
polarization alone obtains. 

The space charge, responsiWe for the fourth tj-pe of polarization, 
is made up of moving ions which actually constitute a current 
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through the dielectric. Because of the laws under which they are 
formed in the material, these ions may have a greater volume 
density near the electrodes than in the central region, thus bring- 
ing about a polarizing effect. However, polarization due to space 
charge is negligible in the case of the relatively high frequencies 
employed in short wave diathermy, and hence no detailed discus- 
sion of this aspect of polarization will be presented 
Efject 0} an Eltclrtc Field on Uncharged and Charged Bodies. 
It is a general principle in dynamics that a system free to move 
will alwaj's tend to that configuration for which the total potential 
energy of the system is least Hence, an uncharged body, placed 
in an electric field, will tend to move so as to place itself in such 
position that the total energy of the entire system will be least 
The direction of the force exerted on the body can be determined 
by a simple consideration of the energy of the field In a uniform 
field, the, energy of the entire system is the same, obviously, re- 
gardless of the position of the uncharged body In a uniform 
field, therefore, there would be no tendency for the body to move 
However, if the field is not uniform, a dielectric placed in the field 
will move from a point where the field intensity is low to a point 
where the intensity is greater, finally placing itself where the field 
is the most intense, for when In such position the energy stored in 
the field will be least. Thus, mica filings will orient themselves 
along lines of electric force in air much as iron filing place them- 
selves along lines of magnetic force 
When a, block of dielectric moves into the space between two 
plates, having constant charges, the total capacitance is increased, 
the potential difference is correspondingly decreased, and the 
energy of the condenser is decreased. This decrease in energy has 
been expended in drawing the dielectric between the plates 
If the potential diffeience between the plates is kept constant, 
the energy of the condenser is increased when the dielectric moves 
in owing to the increase in capacitance and charge. But a corre- 
sponding amount of energy has been withdrawn from the source 
of the constant potential difference; and so work has been ex- 
pended in attracting the dielectric, and the electric energy of the 
entire system has decreased. 
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Let us now consider a dielectric of lower specific inductive 
capacitance than that of the medium in which the field is estab- 
lished. In this case, the energy of the entire system will be greatest 
when the block of dielectric is in the position of maximum field 
strength. Hence, such a dielectric will tend to move from points 
of higher field strength to points of lower. 

An understanding of the motion of uniformly charged bodies 
in an electric field can be reaihly obtained from an application 
of the fundamental law of electric charges, namely, ^at like 
charges repel and unlike attract. Charged bodies in a constant elec- 
tric field would move or be displaced according to this law until 
equilibrium between displacement forces and forces opposing dis- 
placement has been attained. 

In the foregoing discussion we have assumed a constant electric 
field. Let us now consider the effect of an alternating electric 
field. An uncharged dielectric body would tend to move in the 
alternating field in the same way that It moved in the constant 
electric field. Such a body would not, however, be subjected to 
a continuous force but to a varying force, corresponding to the 
variation of the electric field The impulse (by which is meant the 
product of the force and the time it acts), the viscosity of the 
medium in which the body must move, the temperature and 
hence the degree of thermal agitation of the molecules and parti- 
cles of the medium, the mass and the inertia of the body, and the 
size and shape of the body are factors which influence the motion 
of charged and uncharged bodies in an electric field. It is reason- 
able to assume that not only the intensity of the field but also the 
rate of its alternation and mode of variation with respect to time 
will exert an influence on the motion of a body placed in an 
alternating field. Conceivably, if the impulses are of short enough 
duration, no motion of the body as a whole will occur but only a 
periodic deformation in s5mchronism with the impulses acting 
upon the body. A complete analysis of the electrodynamic prob- 
lems involved is beyond the scope of this book. Suffice it to say 
that all effects are dependent on the laws of mechanics and elec- 
tricity. Hence, when investigating experimentally the motion of 
bodies in various media, careful observation and record should 
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be made of all factors that may conceivably affect in any manner 
the results of the experiment. 

Molecular Dipoles. An electrically neutral molecule may be 
conceived as a more or less complex system comprised of elec- 
trically positive and electrically negative charges which quantita- 
tively compensate each other. Such a quantitative compensation 
does not, however , of necessity entail a nentraUiation of the loites 
due respectively to the positive and negative charges In order 
that the forcfes due to the positive and negative electrification be 
completely neutralized, the center of gravity of the electroposi- 
tive constituents of a molecule must coincide with the center of 
gravity of its electronegative constituents A charge near such a 
completely neutralized molecule would experience neither repul- 
sion nor attraction. Should the centers of gravity of the electro- 
positive and electronegative constituents of a molecule not co- 
incide but be some distance apart, a charged body in close proxim- 
ity to the molecule will experience attractive and repellent forces, 
which will be proportionate to the distance between the centers 
of gravity and the charge Such a molecule constitutes a typical 
electrical dipole, and is termed a molectdar dipole, or briefly a 
dipole. The water molecule is an example of such a natural dipole 

We must distinguish between natural dipoles and those mole- 
cules which apparently are neutral but which nevertheless may 
become polarized because of the influence exerted by some ex- 
terior electrical force. Such molecules are designated as induced 
dipoles. In them the external force has occasioned a displacement 
or shifting of the center of gravity of the positive charges with re- 
spect to that of the negative charges. 

In the absence of an external field, molecular dipoles are dis- 
tributed at random, owing to their thermal agitation and Brownian 
movement, and the net moment of the system per unit volume is 
zero But in the presence of an electric field, the permanent dipoles 
■become oriented, Vne fitgrtt xA tnwrtaAvcfjk by ^ 

field strength being greater at low temperatures where thermal 
agitation is small Debye has shown that for gases, in which the 
molecules are far apart, the average moment per molecule due 
to this orientation effect, in the direction of the field, is propor- 
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tional to the square of the permanent dipole moment of the 
molecule, and to the reciprocal of the absolute temperature. 

Molecules in general are of several widely different types: 

1. Very volatile, non-polar substances such as rare gases and 
aliphatic hydrocarbons. 

2. Totally ionized salts such as sodium chloride, consisting of 
ions which migrate in an electric field, and exert intense electro- 
static forces on their neighbors. 

3. Intermediate between the two foregoing extremes is the 
great class of polar molecules. 

A polar molecule does not give rise to ions capable of migration 
in a uniform electric field; but because of its polarity, as already 
pointed out, it does tend to orient itself in such a field. 

Polar molecules also e.xert more powerful attractive lorces on 
their neighbors than do non-polar molecules; correspondingly, 
they are less volatile and boil at “higher temperature than non- 
polar molecules of similar size. 

The great majority of organic compounds, apart from the 
hydrocarbons, are polar molecules So also are most inorganic 
molecules. 

Among the compounds which ionize in water are two great 
classes: the strong electrolytes, which are completely ionized in 
water; and the weak electrolytes, which at moderate concentra- 
tion are only slightly ionized. Relatively few electrolytes are in 
the class which is intermediate between these extremes. 

Polar molecules fall into two great classes — one class having 
relatively low, the other extremely high, electric moments. The 
former indudes the alcohols, amines, esters, ketones, nitriles, and 
the like. They are relatively volatile, and the intermolecular 
forces are not very intense, although far stronger than between 
non-polar molecules The second class of polar molecules indudes 
aliphatic amino acids, peptides, proteins, betaines, and certain 
phospholipides. Typical compounds of this class are the amino 
acids, which are non-volatile. They are extremely insoluble in 
all non-polar solvents. But in water and in salt solutions they are 
relatively far more soluble. Even though they are electrically 
neutral, they display many properties which render them akin 
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to the totally ionized salts. When dissolved in water, they give 
solutions of much higher dielectric constant than that of water 
itself; whereas almost all ordinary polar molecules, when dis- 
solved in ^ater, decrease the dielectric constant Such polar mole- 
cules are called dtpole ions. 

The quantitative index of the polarity of a molecule is its elec- 
tric moment. The order of magnitude to be expected in simple 
molecules may be readily estimated Consider a proton and an 
electron, each carrying a charge of magnitude 4 8 X 10 " esu, 
separated by a distance of 1 angstrom (lO'^cm ), The moment of 
such a system is the product of charge and distance, or, in this 
case, 4 8 X 10 “ X 10 *=4 8 X 10 ’* esu, or 4 8 Debye units 
Nearly all molecules which are not dipolar ions have electric mo- 
ments smaller than this Water and the alcohols have less than 
two Debye units; ketones near 2 7; nitriles and organic nitro 
compounds betneen 3 and 4. ‘But glycine, the simplest of the 
dipolar ions, has approximately 15 Debye units The proteins 
are found to have electric moments of many hundreds, or even 
thousands, of Debye units 

Dielectric Constant. The dielectric constant of a material has 
been defined as the ratio of the capacitance of a condenser with 
that material as the insulating medium between the plates to 
the capacitance of the condenser with air as the dielectric This 
definition applies in practice, however, only to the electrostatic 
case. 

In short wave diathermy, we are concerned primarily with 
media which have the characteristics of solutions Let us there- 
fore consider briefly the molecular behavior of a solution with 
reference to Its dielectric constant It is evident that any salt 
dissociated into ions in a solution may be considered to have, 
to a certain extent, the characteristics of a condenser A caUon 
forms one plate'of a condenser and an anion the other, with the 
solvent between the two ions acting as the dielectric The dielectric 
constant will obviously depend on the properties of the solution 
From this we may conclude that the dielectric constant is a func- 
tion of the concentration of the solution 

Dipolar ions yield solutions of high dielectric constant The 
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high dielectric constants are the direct consequence of the ex- 
traordinarily large electric moments of the dipolar ions Amino 
acids, peptides, proteins, and phospholipides give solutions of 
higher dielectric constant than can be found in any other known 
substances- 

Dielectric constants of various liquids at 20° C. are given in 
Table 60. Non-polar liquids like benzene and hexane have very 

TABLE £0 

DlEliCTBlC C<»STASTS ASD DiPOIX MOUENTS OP CeETUN IlTPOBTAST SCBSTA^CES 


(From Edsal, J T, m S chmi dt, C L A The Chemistiy of the Ammo Aadsand 
Proteins Charles C Thomas, Springfield, HL, 1938 p 878) 


Substance 

Dielectric Coostant 
at 20* 

Dipole Moment 
XJ0‘'e5u 

Vacuum 

1 00 


Hezaoe 

1 87 

0 

Octa&e 

1 96 

0 

Benzene 

2 28 

0 

Toluene 

2 39 

0 

Diethyl ether 

4 33 

1 15 

ChlorofoRQ 

S 05 

1 IS 

Acetone 

21 4 

2 75 

Ethanol 

24 

1.7 

hlethanol 

33 

1 7 

Water 

80 

1 9 

H}'drocyaDic aod 

116 

2 6 

2 5 hi Glycme in water 

137 

(IS) 


low values, near 2. Water and hydrocyanic add have the highest 
values known for pure liquid, but an aqueous solution saturated 
with glycine, however, has a much higher value Other amino adds 
and peptides give solutions of dielectric constant far higher than 
this. 

The dielectric constant of polarized liquids will vary with the 
frequency of the impressed field, becoming smaller as the fre- 
quency is increased. This relation between dielectric constant and 
frequency, with increasing frequency, leads to anomalous disper- 
sion. This is due to the fact that the dipole can no longer follow 
the high frequency variations of the field. Since the dipole mole- 
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cule rotates in an environment possessing friction its orientation 
with the lines of electric force must take place against frictional 
and inertia forces Hence, there is an absorption of energy The 
value of the dielectric constant diminishes as the frequency is in 
creased, and concurrently there is an increase in energy losses in 
the dielectric 

According to Stokes, the frictional moment of a sphere of radius 
a, rotating in a fluid with the viscosity constant (eta), is equal to 
8nii fl* times the angular velocity of the sphere For such a sphere, 
the frictional coefficient of rotation, C (zeta), is i = 8m) c’ * 


* The Viscastty oj Solutions The viscosity of a liquid is a measure of its 
resistance to shearing force The viscosily coefficient is the force required per 
unit area to maintain unit difference of velocity between parallel planes in 
the liquid when the distance between the planes is unity Thus the tangential 
force, F required to maintain the relative velocity Av between two parallel 
planes separated by a distance Ay in the direction normal to the plane 
of flow IS 


_ , Av 

Fs 5 An — 

Ay 

where A is the area of one of (be planes of flow The viscosity 
of the liquid is deflned by this equation If Ay approaches aero 
may be written in the differential form 

dv 

FssAn — 
dy 


coefficient n 
the equation 


where is known as the velocity gradient 

dy 

The dimensions of the viscosity coefficient n are ML and is usually 
given in djue seconds per square centimeter The unit of viscosity is one 
dyne second per square centimeter and is known as the poue The viscosity 
of water at 20*C is almost exactly 0 01 poise 
The above equations were first den\ed by Newton who in his derivation 
made the assumption that the viscosity coefficient is independent of the 
velocity gradient in the flowing liquid TTie validity of this assumption has 
been verified for most pure hquids over a very wide range of velocity 
gradients The flow of such liquids is said to be Newtonian There are how 
ever important classes of liquids especially certain colloidal solutions for 
which this assumption is invalid In such cases experiments almost invanably 
indicate that P decreases with increasing velocity gradient 
The viscosity of a 1 quid is increased by the introduction of large solute 
molecules Protein molecules are very large in comparison with the molecules 
of the solvent If such molecules are mlroduced info the solvent it is in 
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Holzer** assumed the radius of a colloidal molecule to be about 
iO'^cm 

If the coefficient of viscosity for blood at 38° C is 3 4 X -10"*, 
the value taken by Holzer, the frictional moment for rotation of 
the spherical particle is 0 855 X 10 ’k It has already been pointed 
out that an electric field tends to bring about an orientation of 
dipoles 

The time of relaxation is a measure of the time required for the 
oriented dipoles to revert to a random distribution if they were all 
oriented initially The relaxation lime t is given by the following 
relation, due to Einstein, 

\-anably found that the wscosity of the solution is greater than that of the 
pure solvent. 

In the following tables ate given the viscosity coefficients of water and of 
various oils at different temperatures 


Viscosmr or tt aitr 

(From Bingham and Jackson, Dull Bur Stds 14 75 1916) 


Temp 

Viscosity 

(X) 

(Centipoises) 

10 

1 3077 

20 

I 0050 

30 

0 8007 

40 

0 6560 


ViscosiTT or Vawocs Ohs 
(From Bandiook of Chemistry and Physics, 23rd Ed., 1939) 


^'0 


V'lscosity 1 

n Centipoises 


Castor 

lanseed 

Olive 

Rape 

10 

2420 

_ 

138 

385 

20 

986 

— 

84 

163 

30 

451 

33 1 

— 

96 

40 

231 

— 

363 

— 

50 


17 6 

— 

— 


“Hober, W, and eissenherg, E Foundation of Short Wave Therapy 
Hutchinson’s Scientific and Teebaseal Publicatrons, taadon, 1935 
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^ , where A is Boltzmann’s 

2AT 

constant (1.37 X 10 ” ergs per degree) and T the absolute tem- 
perature The relaxation time for blood from the given data is 
computed by Holzer to be 


0 8SS X 10 

2X137X10 “X311 


or lO'^ seconds 


Holzer multiplies this relaxation time by the velocity of light 
(300,000,000 meters per second) and obtains 3 meters as the 
minimum wavelength of the field that should give rise to the 
orientation of a dipole of 10 * cm radius in blood having a vis- 
cosity of 3.4 X 10 *, This wavelength corresponds to a frequency 
of 100,000,000 cycles per second 
The limits of colloidal size as given by various authorities differ 
somewhat The lower limit is placed at 1 to 5 millimicrons and 
the upper at 100 to 500 millimicrons Colloidal particles have 
enormous surface areas relative to mass The following table 
adapted from West* gives the diameter of various particles 


Particle 

Human red cell 
Anthrax bacillu} 
Micrococcus 
Colloidal particles 
Starch molecule 
Cane sugar molecule 


Piameter la mii 
8000 
6000 
1000 
1 to 100 
8 

07 


Emulsions represent dispersions of oil droplets in water or of 
water droplets in oil Generally the dispersed particles are larger 
than the upper arbitrary colloidal limit Examples of common 
emulsions are milk, egg yolk, mayonnaise, and petrolager 
According to Hawk and Bergeim,** the average radius of 
protein molecules ranges from 2 17 to 12 X ^ms If we com- 
p’cAe Vtre •m'axwr.'iva 6.eld. thai will orient 

dipolar molecules of this size in blood, m the same manner as 
"Hawk, P B , and Bergeim, Olaf Practical Physiological Chemistry, 10th 
Edition P Blakiston’s Son and Co , Inc , Philadelphia 1931 , „ . 

• West, E S Physical Chemistry for Students of Biochemistry and Medi 
cine Macmillan Co , New York, 1942 
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Holzer computed the frequency for a colloidal particle of radius 
10 cm , we obtain a frequency range of 57,800 to 980,000,000 
cycles per second, the lower frequency being approximately that 
required to orient the molecule of 12X10^ cm radius under the 
conditions assumed by Holzer 

Muth, according to Liebesny,** claims to have shown that in an 
alternating electric field, ranging in frequency from 20,000 to 
2,000,000 cycles per second, pearl chains are formed in fat emul- 
sions Liebesny has demonstrated the same phenomenon in blood, 
and states that this specific effect is due to the alternating elec- 
tric field and is independent of heating due to the field He states 
that these specific electric effects are capable of influencing the 
degree of dispersion of suspended particles, the speed of sedi- 
mentation, and the viscosity and the capillarity of the emulsion 
containing the suspended particles On the other hand, Eidinow ** 
using citrated and defibnnated blood, found no change in blood 
fragility or blood sedimentation rate, nor was he able to demon- 
strate changes of the protein colloids of blood and serum, mean- 
ing presumably their orientation. 

Schliephake and Compere** claim to have observed a lowering 
of surface tension of certain colloidal solutions, including blood 
and serum, when placed m the high frequency electric field Im- 
proving upon the experimental procedure of these investigators, 
Curtis, Dickens, and Evans** repeated the experiments, but were 
unable to find any effect on the surface tension of serum 

Concerning the formation of chains in materials subjected to 
electric fields and the possible significance of such formation from 
a biological and therapeutic viewpoint, Schliephake states:** 

“Above a certain frequency the long chains can no longer fol- 

** Liebesny, P • Athermic Short Wave Diathermy Arch Phy Therap 
19 736 1938 

• Eidmow, A. Discussion on Short Wave Therapy Proc Roy Soc Med 
30 219 193? 

** Schliephake, E , and Compere, A Speaifische Wirkungen des Ultra 
Kurzwellenfeldes Kim Wschr 12 1729 1933 

” Curtis, W E., Dickens, F , and Evans, S F The "Specific Action” of 
Ultra Short Wave Wireless Waves Nature 138 63 1936 

“ Schliephake, E * Short-Wave Therapy, Second English Edition The 
Actinic Press, London, 1938 
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low the rapid field changes, but lag behind On the other hand 
the cholin phosphoric acid group follows these movements, which 
change the form of the whole molecule Such changes may be fol- 
lowed by further results under certain circumstances in the living 
organism, which may lie in the region of colloidal chemical reac- 
tions I am thinking here of adsorption processes, as well as the 
effect of the surface tension and potential of the membranes, all 
of which play an important part in the life of the cell Whether 
and to what extent any of these prcxesses can be influenced will 
depend on the molecules the wave lengths used may affect, and 
to what cell structures these colloids belong 

“These effects can only be comprehended on biological lines, 
and may escape electrical and chemical methods of measurement 
As we know from pharmacology, extremely small changes in the 
smallest particles may suffice to cause profound biological effects, 
In the chemistry as a whole or in the electrical occurrences there 
are, however, no measurable changes to be found ” 

Conclusion. From the foregoing theoretical analysis, it would 
seem highly improbable that electric fields, of the intensity and 
frequency currently employed in short wave diathermy, would 
have any great effect in bringing about the orientation of organic 
polar molecules of the size obtaining in the body, in fluids having 
the viscosity coefficient of blood In fact, from the dynamics of 
the problem, it is improbable that such polar molecules would be 
set into appreciable oscillation by the extremely high frequencies 
of the order of 10,000,000 to 100,000,000 cycles per second usu- 
ally employed in short wave diathermy. At most there would 
theoretically be a displacement of charges within the molecule, 
and in all likelihood only of the electrons because of the relatively 
great mass of the protons 

As has been pointed out, it is possible that, under certain condi- 
tions, uncharged particles having a specific inductive capacitance 
different from that of the medium in which they are immersed, and 
also particles such as dipoles, may be aligned in an electric field 

Such aligning is brought about by the forces exerted by the 
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lines of electric force, tension along the lines and pressure at 
right angles to them, and by the attraction of dissimilar charges 
Such factors, however, as the viscosity of the 5uid, the inertia of 
the particles, the strength of the field, and the frequency of 
alternation of the field would determine whether or not the effect 
would be obtained In any experiment to determine such effect of 
an electric field, record of these factors must be made in order 
that valid comparison of results may be made with those obtained 
by other investigators Further mvestigation must be made to 
ascertain whether such electric effects, which are produced with 
negligible heat generation, are useful therapeutically. 

In our opinion all reported clinical results obtained with short 
wave diathermy can be explained on the basis of heat generation 
and the physiological effects following the generation of heat in 
tissues Schliephake” too has come to the conclusion that if there 
are specific effects in the short wave field, they can be produced 
only fay physical processes, for example, electrical stresses may 
under certain conditions influence the structure of molecules or 
of colloidal particles, but m such processes there ts always also a 
thermal e^ect. 

Specific ^Biotooic Effects D’Arsonval”**’’” states that the 
motor nerve of a nerve-muscle preparation exposed to a high fre- 
quency field exhibits a state of excitability lasting for some time 
According to Pflomm,** when a frog’s heart preparation is placed 
in the short wave field, the heart will beat more slowly and the 
excursion of each beat is lessened until finally diastole ceases en- 

** Schliepluke, E Wirkungsweise und lodjkaUonen der KurzweJIen Wien 
med Wchnschr 87 771 1937 

"d’AFsonval, Arsene Action Physiologiquedes Courants Alternatifs Compt 
Rend des Seances de la Soc de BjoJ 3 283 3891 

" d’Arsonval, Aisene Eleclncili el Microbes Compt Rend et Mem. de la 
Soc BioL S 764 1893 

" d’ Arson-fa!, Arstne Dispcsatife pwr It Meavire des Counats AllemaUts 
de Toutes Frequence Compt Rend el Mem de la Soc Biol 3 450 1896 

" PSomm, Ench Experimcntellc und I^mische Untersuchungen uber die 
Wirkung ultrakurzen elektnscher Wellen auf die Entzundung Arch. Klin 
Chir 166 251 1931 
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tirely. He slates that when the current is switched off, the heart 
gradually resumes its normal activity. Audiat” maintained that 
this was a specific electric effect, because heat per se had the op- 
posite effect. In contrast to d’Arsonval, Audiat maintains that the 
excitability of a nerve-muscle preparation diminishes in a short 
wave electric field. 

Laubry, Tournier, Walser, and Deglaude” state that no effects 
are produced with a 20 meter wavelength, but that a 3 meter 
wavelength accelerates the rhythm of the isolated rabbit heart 
and increases the excursions Delhem and Fischgold’* claim that 
they found a diminished nerve excitability comparable to that of 
an electrotonus produced by a direct current. 

Danilewsky and Worobjew” found that when a minimal faradic 
current was applied to the nerve of a frog nerve-muscle prepara- 
tion with a high frequency generator operating nearby, contrac- 
tions increased in amplitude. According to them, excitability of the 
preparation returned to its former level when the high frequency 
osdllalOT was switched off. 

Hill and Taylor** investigated these effects on frog hearts, cilia, 
and nerve-muscle preparations. They used a high frequency field 
of 3.4 meters wave-length. When they heated their preparations 
in Ringer’s solution, they were able to juplicate the effects se- 
cured in the high frequenc>' field. Furthermore, they were able 
to get the same effects on the isolated frog’s heart muscle when 
they placed a hot wire near the heart. 

Heinle and Phelps** were unable to demonstrate that the elas- 


•* Audiat, J • Action des Ond«s Hertbiennes Sur I’excitabililS eleclnque des 
Nerfs; Codes Atnorties Entreteoucs, Courtes Rev dActmol, et de Physio- 


tberapie 3;227.J932. 

“ Laubry, C , Toumier, J , Walser, J , and Deglaude, L.* Action des Codes 
Courtes sur le Coeur Isoli Acadeniie de Medicine 112.160 1934 
"Delhem, L, and Fischgold, H- Les Courants de d’Arsonval Diminuent 
I’Excitabilitfi Neuromusculaire C R.Acad ScL Pans, 199 1688 1934 
"Danilewsky, B, and Worobjew, A (Jber die Femwukuog elektnscher 
Hochfrequenzstrome auf die Nerven. Pflug Arch ges Physiol 236 440 193S 
"Hill, L'E, and Taylor, H J: Effect of the High Frequency Field on 
Some Physiolorical Preparations Lancet 230 311:193(i ^ . 

" Heinle, R. W , and Phelps, K. R. The effect of Short Radio Waves and 
Heat on the 0astjcity of the AorU Am. J. Physiol 104 347:1933 
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tidty of aortic rings was affected either directly by the passage 
of radio waves or by such temperatures as are likely to occur 
in the body. 

Heinle and Phelps*® also studied the effect of short radio waves 
on perfused cats’ hearts and found that short periods of ra- 
diotbermy caused immediate elevation of temperature, accom- 
panied by an increased rate and amplitude of ventricular beats 
These effects disappeared when the rise in temperature was con- 
pensated for by reducing the temperature of the perfusion fluid 
As early as 1929, Christie and Loomis** concluded that the effects 
produced on animals could be fully explained on the basis of the 
heat generated, and that there was no evidence to support the 
theory that certain wavelengths have a specific action on living 
cells. 

Fabre** tested the excitability of nerves under the influence of 
short waves and found changes only with field intensities which 
approached those destructive to tissue He reported that chronaxie 
in some cases was decreased, while in others it was increased 

Mogendovich** attempted to determine the influence of ultra 
high frequency currents (6 meters) on nerve conductivity and 
excitation foci The experiments were performed with a frog 
nerve-muscle preparation, and myographic records were taken 
In accordance with the slowly cumulative action of the field, the 
experiments showed that the conductivity changes not immedi- 
ately but several minutes after the make of the current, where- 
upon the muscular contractions diminish rapidly in height and 
are ultimately blocked completely This block is reversible if 

R W, and Phelps, K R. The Effect of Short Radio Waves on 
Perfused Cats’ Hearts Am J Physiol 104 349 1933 

** Christie, R. V , and Loomis, A L The ReJalion of Frequency to the 
Physiological Effects of Ultra high Frequency Currents J Exp Med. 
49 303 1.M9 

** Fabre, P H Modifications de I’exatabiliti des nerfs sous Taction des 
ondes de haute frequense entretenues Bull et mfm Soc franc, d’elektro- 
therap et de Radiol 46 157 1937 

** Mogendovich, M R. Die Wirkung eincs elektnscben Hbchsfrequenzfeldes 
auf die Funkfion der Nerven Bull de biol et de med exper de L’URSS 
4 237 1937 
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only short exposures are employed A similar effect on conduc 
tivity was observed for tetanic stimulation (frequency 30 40 per 
second) 

Dalton** *’ claims to have ‘proved indubitably” that an effect 
independent of the action of beat occurs in a short wave field 
Careful consideration of his experimental work fails to convince 
us that the effect of heat generated by the field was completely 
eliminated He states that the oscillator used by him had an out 
put of only 1 to 2 watts and cites that fact as evidence m support 
of his contention that no heating effect was present An absorption 
of 1 watt for 20 minutes, the time of exposure he employed, is 
equivalent to the introduction of 288 gram calories into the ah 
sorbing body The absorbing body was a nerve muscle preparation 
taken from a healthy summer frog — a body which certainly does 
not have a great mass and consequently its temperature would 
conceivably be appreciably elevated if it absorbed the total output 
of the oscillator Dalton records no temperature measurements 
Assuming an absorption of only 0 1 watt, the total gram calorie 
input m 20 minutes would be 28 8 — quantity of beat sufficient 
to raise the temperature of a body having a mass of 50 grams 
and a specific heat of I 0, almost 0 6“ C or more than 1“ F, 
assuming no loss of heat from the absorbing body 

The literature contains contradictory reports regarding the ef 
feet of high frequency electric fields on blood vessels Pflornm,** 
using the web of a frog’s leg, reported a greater dilatation of 
the blood vessel than could be anticipated on the basis of the 
temperature rise measured He also reported that the constricting 
effect of adrenalin on the blood vessds could be eliminated by short 
waves in a surprisingly short time From these and similar ex 
periments, Pflomm concluded that there existed a specific effect 

“Dalton P P Low Intensity Short Waves (lU meters) Preliminary 0^ 
servations Concerning Their Effects on Living Tissues Bnt J Phys Meo 
U 221 1937 , ^ _ 

“Dalton P P Experimental Proof of the Specific Effects of Low In 
tensity Short Waves on Living Tissues Bnt J Phys Med 12 170 1937 
“Pflomm E EiperimentelJe und tUnische Untersuchungen uber de 
Wirkung ultrakurzer elektnscher WeUen auf die Entzundung Arch f klm- 
Chir 166 251 1931 
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of short waves on blood vessels namely, that dilatation would 
be produced independently of the effect of any heat generated by 
the field 

Later Cignolini and Ohvierj” investigated the problem and 
reached the conclusion that there vras no experimental evidence 
for the specific effect of short waves on blood vessels and that all 
observed phenomena could be attnbuted to the heating effect 
of the short wave field Lob ** too m a later publication, stated that 
he was unable to confirm Pflomm’s results 
A careful investigation of the problem was undertaken by 
Weisz Pick and Tomberg ** Concerning the behavior of blood 
vessels m the short wave field these investigators concluded that 
in their animal experiments no data were obtainable for the 
specific effect of short waves on blood vessels and that the heating 
effect alone of the short wave field was responsible for the ob 
served effects 

Wetzel and Kiesselbach*® undertook experiments to determine 
what biologic effects could be produced by the high frequency 
electric field They placed tadpoles m a glass container directly 
between two electrodes of a high frequency eiectrtc field and 
employed wavelengths of 8 and 12 meters The water temperature 
rose in fifteen minutes from 15 to 28* C , and during the next five 
minutes to 36* C The tadpoles exposed to temperatures of 28* C 
were unaffected, whereas those exposed to a temperature of 36° C 
died either immediately or soon after the experiment Wetzel and 
Kiesselbach pointed out that the damage done to the tadpoles was 
due to heat They reduced the rate of heat generation by placing 5 
mm of felt between the glass jar and the electrode thereby increas 
mg the impedance and consequently decreasing the flow of current 
The temperature now rose 9 to 12 degrees C m IS to 20 minutes 
No particular effects on the tadpoles were observed Next Wetzel 

Cignolini P and Olivien G Radiotiiofog a generatis H4I935 
**Lob Alfons De Kurzwellcnbehaidliing m der Chirurgie Stutlgart 
Enkc 1936 

* Weisz H Pick J and Tomberg V The Problem of a Specific Effect 
of Short Waves on Blood Vessels Arch Phys Therap 19 79 1938 
’“Wetzel G W and Kiesselbach A Versucfaezur WirkuDgderKurzweJIen 
slrahlung Deutsche med. Wodjnsehft 62 725 1936 
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and Kiesselbach completely eliminated the conductive heatingeffect 
of the water m which the tadpoles were contained by running 
circulating water through the glass containers The tadpoles were 
exposed to the electric field for one half hour, twice daily No 
differences were noted as compared with the control tadpoles, 
which were not placed in the field After fourteen days of exposure 
the test groups were further exposed 4 to 7 hours daily for two 
and one half weeks At the end of these experiments, no differences 
were noted between the treated and the untreated groups This 
showed that when the heating effect is slight or entirely elimi 
nated, there was no effect, either deleterious or beneficial, on the 
experimental tadpoles These tests, according to Wetzel and 
Kicsselbach support the assumption that the chief cause of the 
biologic action of the short wave electric field is the heat that is 
produced by the energy exchange 

In the experiments of Wetzel and Kiesselbach, the tadpoles were 
suspended in water which undoubtedly possessed some electrical 
conductivity Tap water, as all know, contains lonizable com 
pounds to a sufficient degree to render the water quite conductive 
Such water would conceivably possess a conductivity and a spe 
cific inductive capacity comparable to those of the tadpoles 
Hence, if the tadpoles were suspended in such water, there would 
be no tendency for lines of electric force to concentrate appre- 
ciably on the tadpoles As a result, the amount of energy absorbed 
per tadpole would be the same as that which would be absorbed 
by the water which the tadpole displaces Since the water is kept 
at its initial temperature, any tendency of the temperature of the 
tadpole to rise would be prevented by the cooling effect of the 
circulating water Although energy was undoubtedly absorbed by 
the tadpoles, the rate of dissipation of heat was sufficiently great 
to prevent a temperature rise The work of these experimenters 
indicates that no effects are produced on the tabpoles unless there 
IS a rise m their temperature, although energy may be absorbed, 
converted into heat, but conducted away before measureable 
temperature rise results 

Had the tadpoles been suspended in a medium of zero con 
ductivity and of considerably lower dielectric constant, or had 
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each tadpole been encased within a thermally insulating material, 
temperature increase of the tadpole would have resulted because 
of energy absorbed by the tadpole itself. In the first case, the 
temperature rise of the tadpole would be due to the high rate of 
energy absorption because of the concentration of lines of electric 
force; and in the second, due to the rate of heat dissipation being 
negligible in comparison to the rate of heat production, even 
though no concentration of lines of electric force on the tadpoles 
took place and the field intensity to which the tadpole was sub- 
jected was the same as that obtaining in water medium 

As an example of the heating obtainable in a thermally and 
electrically insulated living body suspended in a medium having 
negligible conductivity and relatively low dielectric constant, ref- 
erence IS made to the work of Yamamoto, Hosono, and Murakami” 
on the effect ol short wa ve ffelds on pupae in sUl cocoons Cocoons 
were placed within a high frequency electric field and the time 
required for killing the pupae was determined for three different 
wavelengths (4, 7, and 14 meters) Some 3000 experiments were 
made The electrical factors which influenced the effectiveness 
of the field in kffhng the pupae were the frequency, the field 
intensity, and the time of exposure — factors which obviously 
determine the energy input into the pupae With field intensity 
at a constant value, the time required to kill the pupae increased 
with increased wavelength, being least for 4 meters The order 
of lethal effectiveness of the wavelengths employed was 4, 7, and 
14 meters, corresponding to frequencies of 75, 37 S, and 18 75 
megacycles This is what would be expected from the analytical 
discussion of electric field heating given in Section Two Tem- 
perature measurements of the cocoon and of the surface of the 
pupae were made, and were found to be 40® C and 50° C , re- 
spectively. Obviously under the conditions obtaining in this ex- 
periment, specific heating can be obtained Wenk” experimented 

"Yamamoto, I, Hosono, H, and Murakami, I KiUmg Pupae in Silk 
Cocoon by an Ultra Short 'Wave Field Tok>o Umiersity of Engineering. De- 
partment of Electrical Engineermg, Tokyo 

"Wenk Paul Zur Frage der Punktemarmung im hochfrequenten 
Wechselfeld Strahlentherapie 65 657 1939 
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on unicelJular organisms (paramecium) and found that, in accord- 
ance with the theoretical considerations of Krasny-Ergen, the 
temperature of these unicellular beings investigated in the high 
frequency alternating field was practically the same as that of 
the suspending solution. Consequently he was unable to demon- 
strate so-called point heating. Wenk’s results should not be in- 
terpreted as excluding the possibility of heat generation but only 
as indicating that under the condidons of this experiment sig- 
nificant grading in temperature could not be obtained. 

Here, again, is an instance of the fact that investigators of 
point heating do not seem to appreciate ( 1 ) the difference between 
heat and temperature, (2) the effect the conductivity and dielec- 
tric constant of the suspending medium have upon field distribu- 
tion and consequent point heating, and (3) the effect thermal 
conductivity has on temperature gradients It is our opinion that 
all too often general conclusions, tending either to substantiate or 
to controvert point heating, have been drawn from specific experi- 
ments which may be valid for the specific experiments but which 
are not applicable under all conditions. 

It seems reasonable to us that point heating, i e a temperature 
gradient between a particle and its surroundings, can be achieved 
when the difference between the electrical characteristics of the 
particle and suspending medium are great, and conversely that 
such heating cannot he achieved when there is no marked dif- 
ference between the electrical cbaracleristics of the particle and 
those of the suspending medium. The temperature gradient is 
determined by the relative rate of heat production in the particle 
and in the suspending medium and by the rale of heat exchange 
between them 

It is believed that certain previous experiments®*’”” showed 
that the therapeutic effects of short wave currents are limited to 


" B , and Osborne. S L . Tissue Heating by Short Wave Dia 

tbermy: Some Biologic Observations JAMA 104 1413 1935 
•* Mortimer, B , and Beard, G Tissue Heating by Short Wave Diathermy 


JAMA 105 510 1935 . 

“ Coulter, J S , and Carter, H A Heating of Human Tissues by Short 
Wave Diathermy JAMA 106 2063 1936 
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the effects of the generated heat. This view is supported by the 
experimental work of Malov,** who investigated the death of 
drosophila in the electric field of short and ultra short waves 
(from 1.3 to 107 5 meters). Malov shows that the death of the 
fruit flies was due to ordinary heating effects and that there was 
no noticeable difference in lethal effect between short and ultra 
short waves. 

Tomberg®* discusses the propriety of the term athermic as ap- 
plied to the biologic effects of short wave fields It has been 
claimed by some that the generally accepted effective therapeutic 
dosage of high frequency energy is so close to the input which 
has deleterious effects that the customary application of short 
waves can be dangerous The same minority also holds that the 
beneficial effects of short waves are independent of thermic effects, 
depending rather on innate electrospecific qualities of the material 
treated, and that therefore all thermal manifestations should be 
eliminated. It should be generally recognized, however, that 
thermal manifestations cannot be completely eliminated and that 
such effects are not dangerous unless there is sheer negligence In 
the application of short wave therapy Tomberg, in securing 
beneficial therapeusis by the use of less energy, states that while 
the patient experiences no sensation of warmth, to conclude that 
thermal effects are therefore absent is, in his opinion, untenable 
He states that the treatment is always thermal, and that lack of 
heat perception on the part of the patient may be ascribed to the 
fact that the thermal effects occur primarily in the deeper tissues, 
where thermoreceptors are absent. Tomberg believes that the 
term athermic, when applied to the chemical and physical effects 
of short waves, is permissible and that experimental evidence 
exists therefor; but that no evidence has as yet been produced 
to show that the biologic effect of short waves is of an athermic 
nature. 

"Alatov N N Ober den WanneeffeU der kurzen und ulfraturzen 
elektnsche’n Wellea und jhre spczifische Wukung Strahlentherap 53 326- 
1935 

''Tomberg, Victor Atbenniscbe KurawrlleDwirkuDgen und athenniscbe 
Behandlung Strahlentherap 59 373 1937. 
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The pharmacology of short waves was investigated by Hilde- 
brandt.®* Heretofore only the increased thermic effect of short 
naves on tissues was demonstrated Assuming that chemical 
changes are also produced, Hildebrandt first examined the his- 
tamine content of the blood foUonnng treatment nith short waves 
according to Schliephake’s method (wavelength 3 5 meters) The 
experiments were performed on dogs, whose thorax was exposed 
to the short wave current for one-half to one hour. At various 
intervals during the following 24 hours, blood specimens were 
taken and the histamine content determined In some an increase 
of several hundred per cent was noted immediately after treat- 
ment, followed by a return to normal in two to four hours In 
others the histamine values were increased, gradually reaching 
their peak in two hours and returning slowly to normal in the 
following few hours. Diathermic tests yielded virtually the same 
results. Judging from these findings, the increase in histamine 
content of the blood must be attributed to the marked thermic 
effect of the short wave current. 

Thels” made a thorough experimental study of the specific 
effects of ultra-short waves In particular he investigated the claim 
of Schliephake and Compere that high frequency current causes 
a change in surface tension He stated that he used a method of 
application designed to eliminate completely all heat effects He 
measured the surface tension by the method of maximal bubble 
pressure, by which method even small changes can be demon- 
strated easily. The change of surface tension due to beating could 
be distinguished from a specific change by measuring its course 
by the temperature, first in the high frequency field and then 
outside the field. Various organic and inorganic compounds and 
solutions, as well as colloidal solutions and suspensions, were 
investigated He found no spedfic change in the surface tension, 


"Hildebrandt, Fritz Uber den Einfluss der Diathermie und des Fango auf 
den Histammgehalt im Blut und Gewebe Klin Wchnschr If 270 1940 
"Theis M* Zur Frage der spezifischcn Wirkungen der Ultrakurzivellen 
Thermiscbe, athermische, und spenfische Wirkungen der Ultrakurzwellen 
Strahlentherap 66 494 1939 
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not even in serum, in which Sdiliephake and Compere observed 
the greatest effect. 

The action of ultrashort waves on foams was examined closely 
by him because they seemed to be strongly influenced. However, 
it was found that all observed effects could be attributed to heat- 
ing. 

Hasche"* subjected covered glass cultures of embryonic chick 
fibroblasts, mostly from the heart of an eight-day embryo, to an 
electric field of 3.5 meters for an extended period. He could not 
demonstrate cell growth under the influence of the electric field. 
Furthermore, he stated that the only effect of the field which he 
observed was destructive. The destructive effect could not be 
attributed, in his opinion, to temperature rise of the culture, since 
destruction occurred at a culture temperature as low as 32° C, a 
temperature which normally accelerates cell growth. However, it 
occurs to us that temperatures higher than those recorded for the 
culture as a whole may have developed within the cells, thus ac- 
counting for the destructive effect. 

Hascbe^’ also presented the results of an experimental investiga- 
tiofl of the so-called oikermtc effects of short waves. He states 
certain short waves reputedly possess selectivity in avoiding heat 
effects and may, therefore, supposedly be applied in an athermic 
manner. He points out, however, that little is known of what 
should be understood by the term athermic short waves. Experi- 
ments were conducted which, according to him, refute any pos- 
sible effects of athermic short waves. He found no influence on 
the heart rate of a frog subjected to the athermic short waves. 
Furthermore, he observed no effect on the growth of a staphlo- 
C0CCM5 aureus culture exposed to high frequency electric fields of 
mtensities insufficient to produce a measurable temperature ele- 
vation in the culture 

** Hasche E Die Wiikung von Kurawellen auf Gewebeozellen Strahlen 
therapie 6S'664'19S9 

”Hasche,E ■ Uber .^thermiscbc" Wirkimgen derKurzweUen (..Grenzstrom- 
starke“ und Grenzvskrme" als Maszeinheit bei Aibeiten nut KurzweJfen ) 
Munchen, med Wchnscbr 85*1033 1938 
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Curtis, Dickens, and Evans,” summarizing their investigations 
on specificity, state. 

“If such an effect exists, it should be possible for the discov- 
erers to describe at least one clear-cut experiment which could be 
repeated by other workers. In the absence of such evidence we 
consider that the great mass of inconclusive observations which 
has been presented is a very insecure foundation for the rapidly 
growing belief in specific short wave therapy. Whilst the possible 
existence of specific actions of ultra short waves cannot be denied, 
in our opinion such effects have not as yet been adequately 
demonstrated. We therefore find ourselves in agreement with the 
conclusions of a recent report to the Council on Physical Therapy 
of the American Medical Association, by Mortimer and Osborne 
There is no conclusive evidence from the literature, nor were we 
able to substantiate the claim of specific biologic action of high 
frequency currents (short wave diathermy ) In our opinion the 
burden of proof sttll lies on those who claim any biologic action 
of these currents other than heat ” 

Specific Bactericidal Efiects In 1893 d’Arsonval and Charrin** 
subjected B pyocyaneous to a high frequency field and claimed 
the results observed were not due to the heat generated but to 
other effects of the field Later, Haase and Sebhephake** reported 
a selective lethal action with certain wavelengths on various 
micro organisms in vitro at a temperature of 37“ C Two years 
later, Liebesny, Wertheim, and Schultz®’ claimed that every bac- 
terium had its own particular lethal wavelength TTiey also con- 
cluded that the growth of certain organisms was accelerated by 
some particular wavelength About this time Mellon, Szyman- 

" Curtis. \\ E , Dickens, F , and Evans. S F The ' Specific Action” 
of Ultra Short Wave Wireless Waves Nature 138 63 1936 
"d’Arsonval, Arsene, and Charrm £leclncit6 et Microbes Action des 
Courants Indmts de Haute Frequence sur le Bacille Pyocyanique Compt 
Rend et Mem de la Soc. de Biol 5 467 1893 , ^ „ , 

"Haase W, and Scblicphake, E Versuche uber den Einfluss inirzer 
elektnscher Wellen auf das Wachslum voo Baktenen Strahlentherapie. 

40 133 1931 « „ n j 

“Liebesny, P, Wertheim, H and Schull* H Uber Beeinflussung des 
Wachstums voev Mikroorganismea Durch Kurzwellen besfrahlung Kim Wscti. 

12 141 1933 
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owski, and Hicks** duplicated these experiments, obtaining similar 
results Later Hicks and Szymanowski** performed further experi 
menls and explained the results on the basis of the generation of 
heat Furthermore, Izar and Famulan®* demonstrated these lethal 
and other effects could not be produced when the temperature 
was not permitted to rise Again, Nagell and Berggreen** were 
unable to produce any effect on gonococci by high frequency elec 
trie fields of 4, S, or 15 meter wavelength Groag and Tomberg” 
explained the results of Liebesny, Wertheim, and Schultz on the 
basis of a selective rise in temperature of the micro-organisms 
Hasche and Leunig” repeated the work of Schliephake and Haase, 
and failed to confirm their claims when heat effects were elimi 
nated hloreover, Johnston** found no effect on bacteria when the 
heating effect was eliminated Lentz** made similar observations 
Eidinow** also was unable to demonstrate any effects on bacteria 
suspended in serum when heal was definitely excluded Further- 
more he was unable to show any effects on bacteria placed on 
gauze under the skin of animals, and then subjected to the electric 
field Mortimer and Osborne” in their experiments subjected broth 

** Mellon R. R Szymanowski W T and Hicks A An Effect of Short 
Electric Waves on Oipbtbena Toxin Independent of tbe Heat Factor Science 
72 174 1930 

” Hicks R A. and Szymanowski W T Biologic Action of Ultra High 
Frequency Currents J Inf Dis 50 I 1932 
“Izar G, and Famulari S Sulla Azione Btologica Delle Onde Cotie, 
Azione su Alcuoj Genni Ref Med 49 1489 1M3 
"Nagell H. and Berggreen P Cber Kurzwellentherapie bei Gonorrhoe 
Derm Z 67 151 1933 

” Groag P and Tomberg V Zur Biologischen Wirkung kurzer elektnscher 
Wellen Wien Kim Wschr 47 267 1934 
” Hasebe E. and Leunig H Zur Dosieningsfrage in der Ultrakurzwellen 
therapie, Einfluss von Feldstarkc und Frequenz auf Staphylokokken und 
Streptokokken in vitro Strahlentberapic 50 3S1 1934 
"Johnson M M Effect of Short Radio Waves on Biologic Activities of 
some Bacterial Species J Lab Clin. Med 18 806 1933 
"Lentze F A Gibt es erne elektnsche Schadigung von Baktenan und 
Protozoen durch Ultra Kuizwellentherape 2bl f Bakt (Abi) 126 SOS 
1932 

" Eidmow A Discussion on Short Wave Di^hermy Proc Roy Soc Med 
28 307 1935 

” Mortimer B and Osborne S L Tissue Heating by Short Wave Dia 
Ihermy Some Biologic Observations JAILA 104 1413 I93S 
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cultures of staphylococci, streptococci, B. tnelHensis, gonococci, 
meningococci, and B typkosm to a 6-meter electric field for 
twenty minutes, during which time the temperature of the culture 
rose to 40° C, without observing any effect on the rate of growth 
of the micro-organisms. They also subjected rats with experi- 
mental pneumonia Sor three miantas daily to the 6-meter held 
without observing any change in the fatal course of the disease. 

Wertheim, however, in an article published in 1937” nmintaiaed 
that the experiments of Liebesny, IWrtheim, and Schultz pre- 
viously referred to, together with mote recent experiments, pro- 
vided evidence of the specificity of certain wavelengths, and that 
the observed specific effects of different wavelengths are independ- 
ent of the heating effect of the high frequency fields, since these 
effects were obtained after careful measures were taken to exclude 
the action of heat. The absolute elimination of all heating effects 
is very difficult, and, {utlhermotc, such effects may be present 
even though temperature measurements that can be experimen- 
tally made indicate that no heat is being produced For example, 
in the case of the well-known experiment in which an emulsion 
of saline in oil is placed in a high frequency field, and the minute 
droplets of saline heated until steam is given off from the mixture 
with no appreciable increase in the temperature of the oil, 
measurement of the oil temperature might lead some to the 
erroneous conclusion that the effect was independent of the action 
of heat. Even though water were circulated about the mixture, the 
phenomenon would still be observed, for the thermally insulating 
oil would prevent cooling of the droplets of saline. This is cited 
to demonstrate the difficulty of eliminating heat effect Further- 
more, an effect may be due to the generation of heat even though 
there is no measureable increase in temperature It must be 
realized, too, that whenever an alternating electric field is im- 
pressed upon any substance, whether that substance be an insula- 
tor or a conductor, there is some absorption of energy, and that 
this energy is converted into heat. Whether or not there is an 

-Wertheim, H tiber die BeemflussuDg von Lebensorganen der M^o- 
organismen durch die Bestrahlung mil Kurewellen und Ultrakurzvrellen 
Wiener klm Wschr 50 1296.IW7. 
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appreciable temperature rise will depend upon the ability of the 
absorbing body to dissipate the heat generated If changes auto- 
matically take place to increase the rate of heat dissipation, as 
in living tissue, to such a degree that no measureable temperature 
rise takes place, still these changes must be attributed to the 
generation of heat and not to vague specific electric effects 

Ozzano and subjected several species of pathogenic bac- 
teria to high frequency electric fields of 4 3, and 7 36 meters As 
a result of their experiments, they concluded that short-wave fields 
have no selective speafic action on bacteria but act abiotically by 
heating the environment of the bacteria 
Hasche, Leunig, and Loch^* exposed diphtheria bacilli to high 
frequency fields of 15 meters, 3 5 meters, and S2 cms wavelength 
When distilled water was employed as diluting substance, the 
wavelength of 52 cms had no influence on the bacilli, but the 
wavelength of 3 5 meters killed the bacilli in some instances 
When 0 4 per cent saline solution was used, the reverse was true 
When cystine blood agar was employed, the wavelength of 15 and 
3 5 meters bad no influence on the bacilli, except elevation of the 
temperature of the, medium. 

The experiments which seemingly Indicate specific bactericidal 
action for high frequency fields may be more rationally explained 
on the basis of point heating than on the basis of specific electric 
effects By point heating is meant the raising of the temperature 
of the micro-organisms above their thermal death point without 
a corresponding elevation in the temperature of the medium 
It still remains to be demonstrated, however, whether such point 
heating effects can be utilized for the destruction of infections in 
the body without producing similar effects in cells. 

Effect on Tumors. In 1924 Gossett, Gutman, Lakhovsky, 
and Magrou” claimed that certain plant tumors were killed when 
”0223si>, 7, ssdRe, C L’jtaSvKms ddle oade Corte bertziane sui jrermi 
patogenL Gior di battenol c unmunol 19 S3S 1937 
"Hasche, E, Leamg, H, and Loch, P tlber die Beeinflussung des Djp- 
thenebaaillus dutch kurze^Iektnsche Wellen (IS M, 3S M, 52 CM) 
Deutsche med. Wchnschr 63 1835 1937 
” Gossett, A , Gutman, A , Lakhovsky, G , and Magrou, J Essais de 
Therapeutique du Cancer ExpCTunental des Plantes Compt Rend Soc Biol 
91 626 1924 
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exposed to an electric field having a ^vavelenglh of two meters 
Schereschewsky,*® in 1926 and 1928, subjected experimental sar- 
comas of the mouse and fowl to high frequency fields of wave- 
length 2 2 to 36.1 meters, and concluded that wavelengths of 
4 58 to 4 42 meters were most effective for these tumors Schere- 
schewsky*' later, reviemng his work, came to the conclusion that 
his former results were not due to some specific effect but entirely 
to heat Pflomm** stated that he considered a wavelength of 3 2 
meters best for rat sarcomas Reiter** claimed a specific effect on 
rats inoculated with Jensen rat sarcoma when he exposed the 
animal to a field having a wavelength of 3 4 meters Ross*‘ exposed 
fowl with Rous sarcomata to a field of 29 meters wavelength and 
reported there was retardation of the tumor growth Haas and 
Lob*’ used wavelengths of 20 and 28 meters and attributed their 
results to the heat generated Taylor,*® in a well-controlled study, 
found that when beat was eliminated there was no effect on the 
tumors, while in the presence of heat other wavelengths than those 
claimed by Reiter were just as effective Dickens, Evans, and 
Weil-Malherbe" concluded that heat alone produced the observed 

"Schereschewsk), J W Physiological Effects of Currents of V'ery High 
Frequency Pub Health Reports 41 !W0 IW6 

*' Schcreschewsky, J W Biological Effects of Very High Frequency Elec 
tronugnetic Radiations Radiology 20 246 1W3 

“Pflomm, E. Kurzvsellenbestrahlung des Ratteosarkoraas Munsch med 
Wchnschr 77 1854 IWO 

“Reiter, T UbetSpeiifiscbeWitkungeoder Ultra Kurr^ellen Dtsch med 
Uschr 59 160 1933 

“Ross, J R Effect of Exposure of Chickens Inoculated with Rous 
Sarcoma to Electromagnetic Waves of High Frequency Am J Cancer 
18 90S 1933 

* Haas, M , and Lob, A Die sogeoannten speaihschen Effekte der Kurz 
wellen bei der Behandlung bosartiger Geschwulsle Strahlenlherapie SO 34S 
1934 

“Taylor, H. J* Effect of Frequency Field on ExpenmenUl Rat 
Tumors with Special Reference to So^:allcd “Specific Effect ” Bnt J Radiol 
8 718 1935 „ ^ 

“Taylor, H. J Effects of Ultra High Frequency Currents Combined with 
Non lethal’ Doses of Radium Radiations Upon Expenmental Rat Tumors 
Bnt J Radiol 9 467 1936 

“Dickens, F Evans, S F , and Wed Malherbe, H. The Action of Short 
Radio Wav« on Tissues Effects Produced in Vitro Am J Cancer 
28 603 1936 30 341 1937 
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effects on tumors They studied the action of 3 4 and 7 2 meter 
wavelengths on the metabolism and growth of tumor tissue in 
Vitro, providing adequate cooling to eliminate heat effects No 
effect on metabolism was observed after the tissue had been 
exposed to intense fields for as long as one to two hours Tumor 
tissue, after exposure to the field m vitro, showed no inhibition 
of growth when transplanted into animals The total energy 
applied to the tumor tissue was much greater in their tn vitro 
experiments than would have been possible to apply directly to 
the living animal 

Van Everdingen** investigated the effect of high frequency elec 
tnc fields (1 5 to 3 m m wavelength) on malignant tumors m the 
mouse Exposure was from 2 to 30 hours, and intensity of field 
was the maximum that could be borne by the animal He was 
unable to affect the course of the malignancy He states that the 
experiment demonstrated only a thermic effect of the high fre 
quency fields 

Langendorff and Langendorff** subjected malignant tumors to 
high frequency fields of various wavelengths in combination with 
roentgen therapy, and observed that the average duration of life 
in the animals was extended from 36 1 days for the controls to 
50 7 days for those in the treated group For roentgen therapy 
alone the extension of life was to 43 3 days In addition, these 
investigators stated that they failed to find evidence that certain 
wavelengths have a specific action They assumed that Reiters 
results, although produced by an apparently athermic technic, 
were nevertheless due to a rise in temperature in the tumor tissue 
Effect op Toxins d’Arsonval and Charrin*’ ** claimed that 
high frequency currents produced an effect on diphtheria toxins 
which was not due to heat In 1939 Mellon, Szymanowski, and 

**VaD EverAngen A G Application of Ultra Short Waves mth Special 
Reference to Malignant Tumors Acta Radio 18 SS9 1937 
"Langendorff H and Langendorff M Untersuchungen uber die Ultra 
LurCTellenwirkung atif Impftumoren Slraklentherapie 64 517 1939 
" d Arsonval and Charnn Action dcs Diverses Modalites Electnques sur 
les Toxins Bactenennes Comp Rend Soc de Biol 3 (Second senes) 

96 1896 

" d Arsonval and Charnn AcUon de 1 Riectnale sur les Toxins Bactenennes 
Comp Rend Soc de Biol 3 (Second senes) 121 1896 
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Hicks®* chimed a similar result Later in 1932, Szymanowski and 
Hicks®‘ reported a marked reduction of diphtheria antitoxin, but 
later in the same year they concluded the results produced were 
caused by the generation of heat alone However, Recknagel and 
Schliephake®* announced th^r were able to confirm the early work 
of Szymanowski and Hicks, which seemed to indicate the results 
were due to effects of the field other than the generation of heat 
Bateman, Loeucnthal, and Rosenberg®* reported that they were 
unable to produce any effect on tetanus toxin when the heat factor 
was carefully eliminated 

" Mellon R R Szymanotv«k W T and H cks A An Effect of Short 
Electric Waves on D ptheria Toxin Independent of the Heat Factor Science 
••2 174 1930 

“Szymanowski W T and Hicks R A B ologic Action of Ultra H gh 
Frequency Currents J Inf Dis 50 1 1932 

"Recknagel L and Schliephake E KurawellenlBerapie Fischer Jena 
1935 

"BatcmaB J B Loewentbal H and Rosenberg H. Alleged Specific 
Effects of H gh Frequency Fields on Biological Substances Nature 140 1063 
1937 
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I. Introduction Heat in some manner has been used thera- 
peutically for centuries No one, however, attempted until 1884 
to ascertain what effect the general application of heat might have 
on the general body temperature Erasmus Wilson* in 1860 de- 
scribed Very accurately many of the readily observable physiologi- 
cal changes induced by heat, but made no notation of the 
changes in body temperature that must have occurred during his 
heat treatments Phillips* in 1884 published his investigations on 
the therapeutic effects obtained with hot baths as used at Hot 
Springs, Arkansas, for the treatment of various diseases He 
carried out several carefully devised experiments both on patients 
and on himself, and came to the conclusion that the curative 
properties were due entirely to the physiological effects produced 
by the skillful application of wafer at different degrees of tem- 
perature He noted and recorded an increase of the oral tempera- 

’ Wilson, E Thermo-therapeia The Heat Cure The Treatment of Disease 
by Immersion of the Body in Heated Air BnL Med J 1860 
•Phillips, W H.- Hydrotherarar Cohimbus Med J 2 389 1883 
609 
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ture, increased respiration and pulse rate, throbbing of the caro- 
tids, and an increased aper beat of the heart These changes, 
he stated, were related to the temperature and duration of the 
hot bath. Phillips fully appreciated the clinical significance of 
his observations An abstract appeared in the Columbus Medicd 
Journal in the same year* of another highly suggestive article 
which had appeared in the Journal de Medicine de Paris, entitled 
Chaufjage of the Genital Organs in Venereal Disease The abstract 
follows: 

"Foffowfng m the fine of Cfiauveau’s experiments in weakening 
virus by heat, Dr. Aubert suggests that the virus deposited upon 
the skin or in the tissues may be modified by raising the tempera- 
ture of the part to 108® or 109®F. He remarks upon the cure of 
paronychia sometimes obtained by immersing the finger in hot 
water, and suggests that we might avert by this means the conse- 
quences of snake bites, dissection wounds, or a suspicious coitus 
M. Aubert has made a few experiments in this direction with 
chancroidal pus. He exposed a part of this pus for twelve hours 
to a temperature of about 109® F, whDe the rest was preserved at 
the ordinary temperature. Inoculations with the warmed pus were 
without result, but a chancroid followed the introduction of the 
other. He therefore concluded that chauffage destroyed, or at 
least rendered innocuous, the chancroid virus The author has as 
yet made no experiments with the virus of syphilis or gonorrhea 
He suggests that the high temperature is the explanation of the 
subsidence of s^hilitic manifestations during the course of 
typhoid fever or other febrile disease He further asks if the 
fact that chancroid is not developed in the interior of the body 
and never passes beyond the superficial lymphatic glands may 
not be explained by the destruction of the virus by the heat of 
the deeper tissues.” 

Twenty-five years later, in' 1909, Hill and Flack* published 
similar observations to those of Phillips They Sound that immer- 
sion up to the neck in a hot bath, 105® to 110° F, raised the 

•Columbus Med J 2 133 1883, 1884 

•Hill, L, and Flack. M The Influence of Hot Baths on Pulse Frequency, 
Blood Pressure, Body Temperature, Breathing Volume, and Alveolar Tensions 
in Man J Physiol 38 57:1909 
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oral, axillary, and rectal temperature to 102 S° to 104 6° F in 
fifteen to thirty minutes They also recorded blood pressure and 
alveolar COj tension Ten year^ later, in 1919, a somewhat similar 
in\estigation rvas conducted by Sonntag* In the same year, 
Weichbrot and Jahnel* showed that rabbits infected with scrotal 
chancres recovered more rapidly when repeatedly placed in boxes, 
the air of which was heated to lOS 8® F for half an hour They 
induced temperatures of 104° to 107 6° F They also expressed 
the opinion that S3T3hilis m man might be influenced similarly, 
provided such temperatures could be tolerated safely Then in 
1926, 1927, and 1928 followed the experiments of Schamberg and 
Rule^ They found that if the rabbits were immersed daily in 
hot water baths, they failed to develop specific lesions when 
inoculated with virulent treponemas In addition, experimentally 
produced testicular syphilomas and secondary syphilitic ulcers 
disappeared These laboratory results caused Schamberg and 
Tseng* m 1928 to try the effect of heal on syphilitic human 
subjects They deviated in their technique from the usual custom 
of immersing the patient in the bath for a given period of time 
They correlated the immersion time and the temperature of the 
bath with the patient’s oral temperature In general the oral tern 
perature of a patient reached approximately IO 5 ® F in IS to 25 
minutes and returned to normal within 60 to SO minutes Hence, 
the induced fever was of short duration Mehrtens and Pouppirt* 

* Sonntag C F Temperature Environnient and Thennal Debility Lancet 
1 836 1919 

‘Weichbrot R and Jahnel F Eiofluss boher Korpertemperaturen auf 
Die Spirochaeten und Krankheilscrschemungen der S>'phili5s un Tierexpen 
ment Deulsch. Med Wochen«chr 45 485 1919 
’Schamberg J J and Rule A M Studies of the Therapeutic Effect 
of Fever in Experimental Rabbit Syphibs Arch Derm i-Sj-phil 14 243 1926 
Schamberg J F and Rule A M The Therapeutic Effect of Hot Baths 
m Expenmental Pnmary Syphilis in Rabbits JAMA 88 1217 1927 
Schamberg J F, and Rule A M The Effect of Extremely Hot Baths 
in Expenmental Sjphibs Arch. Denn i Syphil 17 322 1928 
‘Schamberg J F and Tseng H W ^enments on the Therapeutic 
Value of Hot Baths with Special Reference to the Treatment of Syphilis 
Am. J S>-pb &. ^eu^ol 11 557 1927 

* Mehrtens H. G and Pouppirt P S Hyperpsnrexia Produced by Baths 
and Permeability of the Menmges Proc Soc Exp BioL and ifed 
26 287 1929 
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in 1929, following the hot water bath technique outlined by Ros 
anofr® in I92S, obtained safely temperatures of 106° F, which 
level, however, was not maintained for periods longer than one 
to two hours In addition to placing the technic of producing 
artificial fever by hot baths on a scientific basis, Mehrtens and 
Pouppirt made an important contribution by showing how unre 
liable are oral temperatures Instead of taking oral temperatures, 
they measured rectal temperatures by means of a suitably designed 
thermocouple 

Investigators using the hot water bath were unable to maintain 
the patient’s temperature for an extended period, because they ap 
parcnlly failed to understand the cause of the rapid fall in 
temperature on removing the patient from the bath A rapid fall 
in temperature occurs when a patient is transferred from a hot 
bath to a comparatively cold bed, beat being transferred from 
the hot patient to the cooler bed until thermal equilibrium is 
reached This equilibrium occurs at a temperature much lower 
than that of the required therapeutic plateau Merriman and 
Osborne'* m 1933 were able to demonstrate that when a patient 
was transferred from the hot water bath to a bed preheated above 
the rectal temperature of the patient, the rectal temperature of 
the patient did not drop Figure 215 shows a typical temperature 
curve of 104® to 105® F, induced by the hot water bath and 
maintained for eight hours A rectal thermocouple was used to 
indicate the rectal temperature of the patient throughout the 
entire period The sudden acceleration of pulse rate should be 
noted when external heat of this nature is employed for inducing 
fever These authors state that this is the most dangerous appli 
cation so far devised, and advise against its use 

Nikola Tesla,’* an electrical engineer, first suggested id 1891 


"Rosanoff A J A Simple Tlcnnotherapeutic Technic Am. J PsychiaL 
7 489 1928 , „ 

” Merriman J R and Osborne S L Methods of Producing Hyper 
pyrexia by Various Pbjsical Agoits IlL Med J 64 237 1933 _ , p 

“Tesla Niiola Expenments with Alternate Currents of Very HigU ire 

quency and Their Application to Methods of Artificial Illumination mer 
Inst Electrical Engineers 8 267 1891 



Fio 215 Hyperpyrexia by meaQS of a hot water bath Bath temperature 110* F 
Patients rectal temperature 105* F at end of IS minutes (Note high pulse 
rate during induction period ) 

that high frequency currents might be useful m medicine In 
1893 d’Arsonval** demonstrated the production of heat 

when high frequency current was passed through the body This led 
to the use of high frequency currents for the localized generation of 
heat and became known as diathermy In 1923 Donaggio''^ sug 

"Arsonval Ar'^ne d Action Physiologique des Courants Altematifs a 
Grande Frequence. Arch de Physiol 5 401 1893 Pans Soc Phys Seances 
72 80 1893 

“Arsonval Arsfene d L autoconduction ou Nouvelle Methode delectnsa 
tion des fitres Vivants Mesure des Champs Magnetiques de Grande 
Frequence Ac Sci CR 117 34 1893 
“Arsonval Arsene d PropnetSs Riysiologiqucs des Courants filectnques 
a Haute Frequence Arch de Physiol 5 780 1893 
“Arsonval Arsene d Influence de la Frequence sur les Effects Physio- 
logiques des Courants Altematifs Ac Sci CR 116 630 1893 
’ Donaggio A Discussion 6th Congress of the Italian Neurological 
Society Ann di Neurologia 50 386 1923 
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gcsted that the diathermy current might possibly be used for the 
treatment of general paresis, but nothing was done to prove or 
disprovehisassumption In 1924Gosset,Gutman,andLakhovsky'» 
published a report on the effect of short wave high frequency 
radiation on plant tumors Schereschewsky" reported the results 
of his experiments on the mouse sarcoma in 1926 Schereschewsky 
%\as probably the first to claim spedfic effects for such currents 
Later, however, in 1933, he stated that the effects he had observed 
should have been attributed solely to the heat generated by the 
absorbed electrical energy.*® ** 

During 1925 to 1928 various biologic experiments were per- 
formed by members of the research staff of the General Electric 
Company under the direction of Dr W B Whitney, Director of the 
Research Laboratory. It was observed, according to Reynolds*^ 
in his review of the development of the Inductotherm, that high 
frequency fields, generated by a vacuum lube oscillator, could 
produce effects such as the killing of mice, tadpoles, and flies 
In 1927, according to Reynolds, it was observed that workers in 
proximity to a short wave radio transmitter developed a tempera- 
ture rise and that IVhitney, with the collaboration of Dr G 
Glen Smith, found that the temperatures of these men rose to 
102* F., that their pulse rates increased SO to 75 per cent, and 
that their blood pressure decreased some 30 to 40 per cent 
In 1928, Hosmer** reported her work with salt solutions, tad- 
poles, and rats, basing her research on experimental observations 
made by Whitney and employing the special high frequency gen- 
erator devised by him, known as the Radiotherm In the same 


” Cosset, A , Gutmann, A , and Lakhovsky, G Essais de Therapeutique 
du Cancer Experimental des Plantes Comp rend soc biol 91 626 1924 
"Schereschewsky, J W The Physiological Ejects of Currents of Very 
High Frequency Public Health Rep 41 1939 1926 
•Schereschewsky, J W Heating Effect of Very High Frequency Con 
denser Fields on Organic Flmds and Tissues Pub Health Rep 48 844 1933 
“Schereschewsky, J W Biological Effects of Very High Frequency 
Electromagnetic Radiation Radiology 20 246 1933 
•Reynolds, Ned B Some Significant Steps in the Development of the 
Inductotherm General Eleclnc Rev 40 171 1937 
■ Hosmer, H R Heating Effects Observed in a High Frequency Static 
Field Science 68 325 1928 
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year, Baldwin and Nelson** reported on the histological changes 
found m the various organs of rats after their rectal temperature 
had been raised to 4S° C These workers used the condenser field 
in their eisperiments Until 1929, however, no article was pub 
lished reporting the deliberate therapeutic application of high 
frequency currents to raise the body temperature of man In that 
year was published the work of Ne5fmann and Osborne ** These 
investigators used conventional diathermy, and demonstrated for 
the first time that it was possible to secure in man any desirable 
temperature, which could be maintained for any required length 
of time without damage to internal organs Thi vitUafed modern 
arttficial fever therapy 

Kahler and Knollmeyer** used and described an electric light 
cabinet as early as 1929 In 1930 Carpenter and Page” reported 
the use of the radiotherm, devised by Whitney, for produang 
fever in man This machine employed the condenser field Merri 
man and Osborne** in 1933 reported the successful use of a high 
frequency induction field for the production of artificial fever 
This generator they designated an Inductothzrm, as being descnp 
tive of the manner in which the device generates heat m living 
tissues Users of this method for producing local heating have 
termed the application Inductothermy, and for producing fever, 
Inductopyrexia Fig 216 shows the temperature, pulse, and 
respiration of the first patient treated by this method For insula 
tion a treatment bag essentially a sleeping bag was used by 
Mernman and Osborne 

“Baldwin M and Nelson W C The Histologic Effects Produced 
in Albino Rats by High Frequency Currents Proc Soc Exp Biol and Med 
26 588 1928 

“fseymann C A and Osborne S L Artificial Fever Produced by High 
Frequency Currents Preliminary Report Illinois Med J 56 199 1929 

"Kahler H and Knollmeyer F (tber die Anwendung von kunstlicher 
Hypetthermve als Ersalzmittel der Experimeotallen Fiebertherapie Wien 
Khn Woehensebr 42 1342 1929 

"Carpenter C M and Page A B Production of Fever m Man by 
Short Radio Waves Science 71 450 19JO 

" Mernman J R and Osborne S L Methods of Produemg Hyperpyrexia 
by Vanous Physical Agents Dlinois Med J 64 237 1913 
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Pia 216 Temperature curve produced by electromagnetic jcduetjon (From 
Mcenman and Oeborne Melhoda of Produems Hypeipyrema by Venous 
Physical Agents III Med J « 2dJ 1P33 ) 


In the year 1933, Simpsoo, Ksshg and Sillier'* introduced the 
use of a cabinet ra which healed and humidified air was directed 
over the patient for the producuon of fever Today the tendency 
IS to combine such cabinets mth the high Srequency indiKtion 
field, the induction field providing the energy to elevate the 
temperature of the patient to the desired plateau and the cabinet 
serving as a thermal insulator to minimize heat loss from the pa 
tient After the temperature is raised to the desired plateau, the 
cabinet alone can be used to maintain the temperature The first 
report of the combined use of an air conditioned cabinet and the 
Inductotherm for the induction and the maintenance “f “ 
man rvas that by Kiinhle, Holmqoesl, and Marshall published m 

-Suupson tv M Kislig P K 

J G Elcclrcpyrcna^lb 

the Inductotherm Physiotherapy Rtv IS 1 IMS 
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1935. Previously, however, Bishop, Horton, and Warren*' had 
reported in 1932 the use of a cabinet heated with incandescent 
lamps in combination with conveational diathermy for the ad- 
ministration of fever therapy Such cabinet alone has also been 
employed by these men for the production of fever. 

n. Theory on Which Artificial Hyperpyrexia Is Based. 
The use of fever in the therapy of certain diseases is based on 
the hypothesis that fever is one of the physiological defense 
reactions against disease 

This possibility was not realised until the end of the 19th 
century. Prior to that time it was believed that fever was a 
symptom to be combatted In 1876 Rosenblium** purposely inocu- 
lated psychotic patients with relapsing fever with favorable 
results This type of fever therapy was revived in 1914 by V 
Wagner-Jauregg,** who used malana Soon the use of other foreign 
substances was recommended, such as tuberculin, typhoid vaccine, 
and suspensions of sulphur in oil, m the treatment of general 
paresis. Most of the clmicians who used these forms of treatment 
explained their action by vague references to crossed protein 
immunity, increased leucocytosis, Increased production of anti- 
bodies, and by the direct and spirocbeticidal effect of these drugs, 
vacdnes, and diseases Thus, the effects of non-specific protein 
therapy were confused with the effects of fever "UTien a foreign 
substance was injected, one could not say whether the beneficial 
effects, if some occurred, were due to fever or to foreign protein 
Investigations were undertaken to ascertain the effects of fever 
Per se on various diseases and physiological processes ** Of course 
it was realized that the application of heat to the skin or to the 
tissues may, if the temperature rises sufficiently, release autog- 

" Bishop. F W , Horton, C B , and Warren, SLA Clinical Study of 
Artificial Hyperthermia Induced by High Frequency Currents Am J Med 
Sc 3U SIS 1932 

"Rosenblium, A Ober Otnosheney Lihoradochnikfi Bolyezney k Peik- 
hozem, Trudi Urachei Odeoskey Gorodskey Bolmtei 2 73 1876 
"von Wagner Jauregg Pie Tuberkulin Quecksilberbehandlung der Pro- 
gressiven Paralyse Tberap. Sloaatsbelte 23 1 J914 
** Osborne, S L. Physiology of Hyperpyrexia Dissertation for the Doctor- 
ate Northwestern Umversity, Evanston, 1940 



618 


TECIINJC OF ELfiCTROTIIEBAPY 


enous protein or nitrogenous substances which may act as foreign 
proteins. However, it was believed that a sufflcient fever, main- 
tained for an adequate period, might do one or more of the 
following: 

1. Kill certain organisms such as treponema pallidum 

2. Increase the rate of antibody production, 

3. Cause a leucocytosis. 

4. Increase the blood flow through a diseased part, 

5. Increase the metabolism of cells, which in turn would aug- 
ment the processes concerned in resistance and repair 

From the results of his investigations, Osborne” concludes: 

"A fever can be produced in the human body of sufficient de- 
gree, and for sufficient period of time to inactivate or destroy 
treponema (spirocheta) pallidum in a primary lesion To what 
extent this is true for other organisms is uncertain and even in 
the case of a generalized infection with treponema, one cannot 
rely oi\ fever therapy alone for the cure of the disease Although, 
according to the reports of some investigators, the rate of anti- 
body production is augmented, it cannot be stated explicitly that 
fever augments the mobilization of antibodies from tissues to the 
blood stream. The mobilization of granulocytes into the blood 
stream should improve local defense mechanisms at least tempo- 
rarily by supplying inflamed tissues with an increased source of 
these phagocytic cells An Increase in the rate of the circulation 
of the blood in the body as a whole occurs in fever It is reasonable 
to assume that this also is true of inflamed tissues, this, however, 
has not been proven. An increase in metabolism of the body as a 
whole occurs in fever. It is reasonable to assume that this also 
is true of inflamed tissues, this, however, has not been proven 
An increase in metabolism of the body as a whole occurs in 
fever, but whether this improves the ability of cells to combat 
infection is still problematic. 

“The general conception that fever facilitates the defensive 
mechanism of the body, is supported by the clinical results oh- 

-Osborne, S L ■ Ph>-siology ot HjiperpyreaJ. Dissertation tor the Doctor 
ate Northwestern University, EvanstoQ, 1940 
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tained with therapeutic hyperpyrexia, particuiarly in early general 
paresis and gonorrheal arthritis The results in other diseases, 
such as rheumatic fever, chronic arthritis, chorea, asthma, multiple 
sclerosis are not so striking, with the possible exception of 
chorea. Fever places a strain on the cardiovascular-respiratory 
system, and the thermotactic system The evidence shows that 
these systems are subjected to less strain by employing the 
method of internal heating, than by employing the method of 
external heating. In either case, if adequate attention is devoted 
to the prevention of hemoconceniration and of excessive stimula- 
tion of the cardio-vascular, respiratory, and thermotactic system, 
the potential hazards of hyperpyrexia are obviated.” 

III. Technic of Application As already pointed out, many 
methods have been utilized for the production of artificial fever 
in man. It would obviously be impossible to describe the technic 
of all of them. Broadly speaking, all of the technics for the pro- 
duction of artificial fever by physical agents can be classified into 
two methods. 

One method uses external heal, which can be applied by 
electric blankets, cabinets using hot air, hot water vapor, condi- 
tioned air, or radiant energy from infra-red generators or incan- 
descent lamps The production of the fever is dependent upon 
the patient being in a heated environment. The deeper tissues 
of the body are heated by conduction from the heated super- 
ficial tissues. 

The other method uses high-frequemy electric currents or fields 
to generate heat in the tissues themselves, independently of any 
external application of heat, for the purpose of producing fever 

In both cases it is necessary to retard the loss of heat from the 
body as effectively as possible to prevent the loss of too much lime 
in reaching the desired temperature level, and to help maintain 
the patient’s temperature at a given level with as slight fluctuation 
as possible. 

We have used every method advocated up to the present time 
in an endeavor to find the best one available Our experience has 
led us to the conclusion that the so-called internal heating method 
of producing artificial fever, that is, the method employing high- 



620 TECHNIC OF ELECTROTHERAPY 

frequency electrical energy, has a much wider margin of safety 
than external heating methods, and is far more comfortable to 
the patient. These observations were largely empiric in nature 
at first, but gradually physiological investigations are tending to 
substantiate our clinical observations This discussion, therefore, 
shall be limited to describing in detail the technic of producing 
fever by high frequency currents and fields 

High frequency electrical energy may be applied in one of 
three ways for the production of artificial fever, by means of 
conventional diathermy; by means of the high frequency electrical 
field; or by means of electromagnetic induction Each represents 
a successive stage of advancement 

With conventional diathermy, metal electrodes, fenestrated and 
with a sinuated periphery, are employed They are held in posi- 
tion by a suitable binder. Heating of the body occurs as a result 
of the tissue resistance to the passage of the electric current. With 
the trunk sandwiched between the two electrodes, all of the cur- 
rent enters through the external skin and subcutaneous tissues, 
and then is offered various pathways to traverse before it again 
leaves the skin surface to complete the circuit back to the machine 

This explains why for the relatively low frequencies used in 
coiwentional diathermy, subcutaneous fat in adipose patients 
will heat to the point of liquefaction, frequently leaving nodules 
of fat beneath the skin in the region of the electrodes, while the 
skin remains undamaged Unless one is well skilled in applying 
the electrodes, electrical bums also are quite liable to occur. To 
overcome some of these difficulties, metal cuffs on a rubber backing 
were used, one around each lower leg, one around each thigh, and 
another around the lower part of the abdomen This simplified 
the technic of application, but because the current flow in this 
instance is in senes with some of the largest blood vessels of the 
body, there is a tendency to produce a marked splanchnic vaso- 
dilation with danger of vascular collapse Therefore, if conven- 
tional diathermy is used, it is best to employ the so called through 
and through application 

Short wave generators became possible with the development 
of the oscillator tube, and today tissue heating by high frequency 
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current is accomplished almost exclusively by the so-called short 
wave diathermy apparatus. The currents generated by such oscil- 
lators range in frequency from 10,000,000 to 100,000,000 cycles 
per second, corresponding to wavelengths of 30 to 3 meters 

There are two methods for using short wave medical diathermy: 
(1) The high frequency electric field, which uses either condenser 
pad electrodes, sinular to the electrodes of conventional diathermy, 
cuff electrodes, or air-spaced electrodes; (2) The induction field, 
the electrode of which is a conducting cable applied around or 
on the body in various forms 

The condenser field, while successfully raising body tempera- 
ture, may produce superficial burns on the skin surface, because 
of the leakage of current over the skin surface when the patient 
begins to perspire. This disadvantage has not been overcome when 
employing this particular field, and is one of its decided disad- 
vantages. Technics range from the application of two-pad elec- 
trodes with the trunk sandwiched between them, to the application 
of cuffs to the legs and lower abdomen In addition, various types 
of air-spaced electrodes are used These are placed over the 
chest and abdomen with an aw space of approximately two inches 
between the patient’s skin and the active portion of the electrodes 
The condenser field has a decided advantage over conventional 
diathermy as far as simplifying technic and lessening the danger 
of severe burns. 

The latest method of inducing artifidal fever, and in our opinion 
the best, is by means of induction field. To generate the high 
frequency induction field, a vacuum tube oscillator, called an 
Inductotherm, generating an alternating current having a fre- 
quency of approximately 10,000,000 to 15,000,000 cycles per 
second, is used. As has been already shown, a frequency of this 
order of magnitude is to be preferred for induction heating of 
tissues. The current is conducted through a flexible, heavily 
insulated cable, which is wound mfo a coil of one or two turns 
and placed under or over the patient’s body, with requisite spacing 
to assure maximum transfer of energy. 

In our opinion, it is desirable to produce maximal heat in the 
vascular rather than in the adipose tissues. The production of 
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excessive heat in the subcutaneous fat during the administration 
of high frequency currents by conventional diathermy is an im- 
portant cause of the discomfort experienced by many patients 
The induction field, which heats tissues in direct proportion to 
their conductivities, as we have shown, provides a means for the 
more comfortable treatment of patients, especially those having 
an unusually large amount of subcutaneous fat. 

Formerly patients were treated in an ordinary hospital bed, 
using blankets or a specially designed treatment bag for heat 
insulation. Now, however, air-conditioned cabinets are combined 
with the induction field for the production of fever. Since this, 
in our opinion, represents the method of choice, the technic which 
follows will be that of this method. 

PREPARATION OF THE PATIENT. Before prescribing artificial 
fever, the physician should decide whether it has any therapeutic 
value for the disease. Lack of confidence on his part in the efficacy 
o! the treatment is usually unconsciously transferred to the pa- 
tient. 

The treatment causes variable degrees of discomfort, because 
the patient is hot and above his usual narrow range of body 
temperature. Some patients do not tolerate heat, in general, as 
well as others. 

The discomfort will also vary with the method employed to 
raise the temperature. Patients should be prepared for some 
expected discomfort, but ft should not be emphasized to the 
point of making the patient unduly apprehensive They should 
be made to realize that such treatment is not without hazard, 
but that in qualified hands the dangers are quite remote Such 
preliminary steps will do much to allay the patient’s natural appre- 
hension. Confidence on the part of both physician and patient 
is the first requisite of success. However, consideration must be 
given to the contraindications to this form of therapy. 

The patient should be given a thorough physical examination 
and should also be subjected to an electrocardiographic examina- 
tion If in the opinion of the physician, the fasting blood sugar 
may be’low, it is advisable to do a glucose tolerance test in order 
to determine the possibility of impending hypoglycemic shock 
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Likewise, the blood calcium diould be within its normal range. 
There should be no impairment of the cardiorenal function. The 
usual blood and urine tests should be made. Minor heart lesions 
with compensation are not necessarily contraindications, as was 
shown by Osborne, Blatt, and Neymann ** Patients with evidence 
of poor vasomotor tone must be treated with caution, and care* 
fully observed for at least twelve hours following their return 
to a normal temperature after a session of fever Patients who 
have had heat stroke are grave risks and should not be subjected 
to this treatment. This is also true of alcoholics 

The age limit for patients to be given hyperpyrexia is usually 
placed at sixty years, but some patients beyond this age may be 
a good risk, while others at fifty years of age may be extremely 
poor risks. Patients with hypertension or arteriosclerosis should 
not be given fever treatment 

The patient should be given an enema the evening preceding 
the treatment, and breakfast on the morning of treatment, if 
desired, should be light, consisting largely of fluid foods, which 
normally are evacuated from the stomach within two hours 
Kopp and Soiomon^' state Chat they found the absorption of fluid 
from the gastrointestinal tract was either delayed or impaired 
during hypertherm treatments Similar observations were made 
by Dowdy and Hartman.” 

The inj'udicious use of narcotics and sedatives must be avoided. 
The excellent work of Dowdy and Hartman makes this very 
clear. The entire circulatory system is placed under a marked 
load during any treatment with artificial fever. The autopsies 
made by Hartman” reveal that patients die largely from anoxemia. 

“Osborne, S L., Bbtt, JI L, and Neymann. C. A.. Electropyrexia in 
Rheumatic Carditis, Chorea, and Certain Other Childhood Diseases Physio- 
therapy Rev IS 68 1939 

" Kopp, I , and Solomon, H C Shock Syndrome in Therapeutic Fever 
Arch Int Med 60 597 1937 

"Dowdy, A H., and Hartman. F W* Preparation of Patients for Fever 
Therapy wuh Special Reference to Sedation and Fluid Intake, Abst. and 
Discuss First Int Fever Conf Paul B Hoeber, Inc , New York, 1937 

"Hartman, F. W Lesions of Brain FoUowbg Fever Therapy, Etiology, 
and Parthogenesis J A.M A 109 2116 1937 . 
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He states that the sedatives used undoubtedly are a partial cause 
of this oxygen deficiency, as similar results can be produced by 
these agents alone Dowdy and Hartman advise the use of sedor- 
mid because it has a greater margin of safety than the barbiturates 
The evening before the treatment, their patients are given a 
high carbohydrate meal, and in the case of well developed adults 
8 to 1 2 grains of sedormid at bedtime The following morning at 
6;30, another 8 to 12 grains of sedormid is administered Then 
SOO cc of 10 per cent glucose in physiological saline are given 
intravenously. At 7.00 am the patient is given breakfast con- 
sisting of toast and tea At 7 :30 a u another dose of sedormid 
consisting of 4 to 12 grains is given ITie sedative is given orally 
in tablet form During the treatment these workers administer 
by mouth an Iced solution containing 3 per cent dextrose and 
0 6 per cent sodium chloride 

Kopp and Solomon state that “artificial fever, induced by high 
external temperatures with the prevention of loss of heat, is an 
ideal dilator of the capillaries” It will therefore be apparent 
that the use of drugs which might add to this burden should be 
given careful consideration. IVhile many sedatives produce dila- 
tation of the blood vessels, some affect the vessels less than others 
Hyoscine, or any drug that Inhibits secretions, should not be used 
The use of such drugs can precipitate heat stroke by inhibiting 
perspiration 

Neymann, Blatt, and Osborne** reported that no sedatives were 
used during the treatment of their chorea patients Instances 
arise, however, when sedatives are indicated and can advan- 
tageously be used, but it is our opinion that the tendency is to 
use narcotics far too freely. In our researches, after experimenting 
with many sedatives, we have come to limit ourselves to the use 
of either morphine sulfate or Pantopon for the initial dose If 
this proves ineffective, it can be repeated later We never give 
more than 0 02 Gm (ys grain) morphine sulfate during any 


one treatment 

For patients exhibiting a slow pulse, hypotension, easy fatiga- 


-Ne>-raann, C A, Blatt, M L, and Osborae, S 
Chorea Minor by Means of Electropyrefla JAMA. 


L The Treatment ol 
107 938 1936 
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bility, and subnormal temperature, Schmitt, Holmquest, and 
Marshall" advise an adequate fluid intake combined with from 
10 to 15 Gm. to ^ ounce) of sodium chloride in the 24 hours 
preceding treatment, as well as several h}podermic injections 
of adrenal cortex during the week preceding treatment If this 
medication is helpful, its use is continued in the interval between 
fever treatments. Cowles" uses a similar technic. 

According to Brown, Clark, Jones, Walther, and Warren," the 
incidence of collapse during artiiidal fever therapy can be greatly 
reduced by the judicious replacement of water and sodium chloride 
lost in sweat. The development of collapse was found by them to 
be associated with dehydration and, occasionally, overhydration 
of the blood plasma. Therefore, in their opinion, there is need for a 
guide to control the water and salt intake They suggested measure- 
ment of the plasma specific gravity prior to and during the treat- 
ment. 

Edelmann and his co-workers" investigated the effect of adrenal 
extract in alleviating the weakness, nausea, vomiting, and herpes 
often accompanying hyperpyrexia. They studied twelve subjects 
suffering from syphilis of the central nervous system. The patients 
were treated once a week for ten weeks Adrenal extract 6 cc. 
was injected intramuscularly immediately after the first sample 
of blood was withdrawn and 4 cc. after the patient was removed 
from the cabinet. During control periods placebos were injected. 
It appeared that adrenal extract prevented or reduced the fall in 
plasma sodium in some instances, had no effect on plasma potas- 
sium and may or may not have affected the plasma chloride. After 
one or two treatments, there appeared to be a marked reduction 
in fatigue with an accelerated rate of recovery. Pever treatments 

” Schmitt, M G , Holmquest, H J , and llarshall, J G Fever Therapy 
Physiotberap Rev 16.93 1936 " 

” Cowles,-D S ■ Personal Commuoicatioa. 

** Brown, H R , Jr , Oark, W F , Jones, N , Waltber, J , and Warr-n, S L 
The Relationship of Dehydration and Overlnrdration of the Blood Plasma to 
Collapse in the Management of Artificial Fever J Clm Invent 22 471 1Q43 

** Edelmann, A , Mahanna, D L , Lewis, L A , Thatcher, J S , and Hartman, 
F A Use of Adrenal Extract in Fever Therapy J Chn Endocrinology 
3 20 1943 
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With extract were tolerated better than subsequent treatments 
without it. Although extract favorably affects fatigue and recovery 
the first time it is used, its effect is greater in subsequent treat- 
ments. The blood sugar fell in every instance when extract was 
not administered. When either extract or desoxycorticosterone was 
given, the blood sugar rose somewhat. Extract caused a reduction 
in the concentration of sodium in the sweat The total potassium 
excreted was reduced in some instances when extract was given 
The frequency and intensity of the other ill effects were also 
favorably affected. Desoxycorticosterone acetate had no beneficial 
effect. In the opinion of these investigators, the retention of 
sodium, when adrenal extract was given, was insufficient to account 
for the amelioration of the unfavorable clinical reactions to fever 
therapy. They suggested that the extract may act on the central 
nervous system. 

Adrenalin should never be used as a heart stimulant, unless 
it is absolutely a case of life and death Patients may die of 
respiratory failure before the heart has ceased to beat, hence 
adrenalin is rarely indicated. 

Insulation Against Heat Loss. No matter what method is 


used, the patient must be insulated against heat loss if an eleva- 
tion of temperature is to be secured and maintained When external 
heat is employed, the patient is placed in a specially designed 
cabinet, with a source of heat constantly applied to make up for 
any heat loss that might occur. With such treatments, it is usually 
necessary to anoint the body with some form of oil to protect 
the skin from burns It is also necessary to apply either a sheet 
or ton els over the entire body when the patient begins to complain 
of the excessive external heat on the skin Occasionally slight 
burns do occur, but these are minor and yield readily to appro- 


priate' treatment. 

When using high frequency current in the form of conventional 
diathermy, the high frequency electric fieid, or the induction held, 
the patient may he placed in a standard bed, in a special treatment 
bag. or in an insulated air^amditioned cabinet 

Use ol an Ordinary Hospital Bad A full-length rubber sheet 
should be placed over the entire mattress for heat insolation Three 
all-rvoDl blankets are placed over the rubber sheet, with one edge 
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of the blankets just e\en with one edge of the mattress and the 
remainder of the blankets extending dovm to the floor A soft 
bath blanket should be placed over the three bottom blankets in 
the shape of a triangle, with its apex directed to the foot of the 
bed Ihe base of this triangular blanket should be level with the 
upper region of the neck The purpose of this blanket is to 
present heat loss around the neck, when the patient is restless 
Next a layer of terry cloth or absorbent material is placed over 
these Ia>ers and should be large enough to cover the patient The 
patient is placed m the bed and covered with the terry cloth, 
taking great care to make the region around the neck as heat tight 
as possible Then the trangular blanket is brought around the 
shoulders and tucked snugly about the neck to prevent beat loss 
at this region The importance of this can be easily understood 
when It IS recalled how readily heat is dissipated from this 
region of the body Furthermore, if the covering is not kept snug 
about the neck and shoulders, warm air will escape from around 
the patient, slovsing temperature rise, and making the maintenance 
of the desired fever plateau difficult The woolen blankets are 
then folded over the patient, one by one, and a full sized rubber 
sheet applied over the last blanket. AU the blankets are snugly 
tucked in on the open side of the bed and around the neck to 
prevent heat loss The patient is now readj for treatment The 
cable of the induction held generator is placed in an elliptical 
form of one or two turns over the outside blanket, extending from 
midchest to approximately the midpoint of the legs Figure 217 
illustrates this technic, but with a treatment bag After the elec 
trodes are connected to the machine, the initial temperature, pulse, 
and respiration should be taken The current is then turned on 
hlore blankets may be needed, and if so, can be added Through 
out the treatment all openings around the bed and the neck 
of the patient must be k^t closed if temperature is to be mam 
tamed 

[/se of a Treatment Bag There are at least two types of treat 
ment bags on the market in one wool is used between covers of 
water proofed material, while m the other Kapok is used between 
covers of gum rubber We haire used both typies, but favor the 
wool filled type because of its wearing qualities 
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The bag is placed symraetncally on a bed with Us upper edge 
reaching to about the place where the occiput of the patient 
will rest The bag is then opened fully, and the upper portion 
or that portion which covers the patient, is turned back, and 
permitted to drape temporarily over the side of the bed A full 
length rubber sheet js spread over the opened bag and the triangu 
lar blanket spread on top as described previously A large terry 



Fic 217 Application of high frequency induction field for production 
of artificial fever using blanicels or treatment bag for insulation. 


doth blanket, folded once, is placed on the rubber sheet with 
folded edge coinciding with the open side of the bag This arrange 
ment will permit the small zi^iered opening at the opposite side 
of the bag to be used for the purpose of taking temperature or 
making other observations When the patient is placed between 
the upper and lower halves of the terry doth blanket, care must 
be taken that the neck is well insulated to prevent heat loss 
The bag is then completely dosed and fastened with the zipper 
arrangement The two upper comers of the closed treatment bag 
should be tucked under the shoulders of the patient The cable 





Fig 218 Air conditioned cabinet for use with high frequency induction field 
for le\er therapy The method of applying the induction cable is shown. 


It IS important that all parts of the cable electrode be separated 
from the metallic zipper at least 6 inches This can be done by 
using a pillow or a folded blanket to support the leads gomg to 
the generator If the leads should be m contact with the metallic 
Zipper, sufficient heating of the zipper will result to burn, and 
possibly Ignite, the treatment bag 
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Fig 219 Air cond tioning system of cabmel A Immersion heater B Humid 
fier water container C A r healer controlled by thermostat D Fan which 
operates continuously for the purpose of secanng un form temperature of the 
Toi TvA'tan fee tfemiA 

[/se oj an Insulated Atr Condtttoned Cabinet In our opinion 
an air conditioned cabinet, used solely for the purpose of heat 
insulation, with electromagnetic induction as the means of heat 
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production, is the most satisfactory method for hyperpyrexia by 
physical agents m use today The desired temperature plateau, 
after having been reached by induction heating, is maintained by 
means of the circulating, warm, humidified air of the cabinet 
The cabinet, Fig 218, is constructed of metal and is insulated 



Fig 220 (a) Thermostat to cootrol temperature of air within cabinet 

to minimize loss of heat The cabinet is mobile and of ample size 
to permit reasonable movement of a patient dunng treatment 
Sliding doors on both sides of the cover permit access to the 
patient 

The lower section of the cabinet has a separate built m tub The 
air-conditioning system, Fig 219, consists of two separate electric 
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heating elements one to evaporate water for the humidification 
of the air, and the other to heat the air to the necessary level 
for maintenance of a patient’s temperature A fan is installed in 
the heating unit, which operates continuously to circulate the 



Fig 220 (b) Switch for iRimersion beater and filler cup for water container 

heated, humidified air throughout the interior of the cabinet The 
temperature of the air within the cabinet is controlled by a thermo 
stat, which operates within the range 80° to 110° F, Fig 220a 
The humidifying device consists of an immersion type vaporizing 
unit of 1000 watts capacity, installed in the water container A 
switch permits its operation on high, medium, or low intensity 
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Fig 220 (c) Head end viev, of cabinet showing towel bar (A) and removable 
rubber collar (B) 


Means to fill and dram the water container from the outside of 
the cabinet are provided Fig 220b 
The cover of the cabinet consists of double walls, with insula 
tion material between them to prevent heat loss The cabinet is 
provided with a removable, soft rubb«’ collar, which fits comfort- 
ably around the patient’s neck, also, a bar to accommodate a 
towel to be hung and draped about the neck to prevent the 
egress of warm air from the cabinet, is mounted on the head 
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Fic 220 (d) JIattress support with removable sections and foot board on 
i^bich IS mounted a lamp for illuininating the inter or of the cabinet when 
necessary 


end of the cover, Fig 220c A thennometer installed in the top 
of the cover, indicates the temperature within the cabinet 
The patient s mattress support is of wood and is divided into 
removable sections for easy access to the lower section of the 
cabinet for the purpose of cleaning An appropriately shaped 
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groove in the supporting frame positions the induction cable into 
a coil of one turn of such dimension that the entire body of the 
patient is subjected to the induction field A foot board is pro- 
vided to protect the patient’s feet against the warm air arising 
at the end of the cabinet and to direct the circulation of the warm 
air. The treatment chamber can be illuminated, when desired, by 
means of a light provided for that purpose Fig 220d 

The cabinet is equipped with a mattress of adequate thickness 
and resilience to assure comfort The mattress extends the full 
length of the treatment chamber and out onto the head rest. The 
head rest is of metal, is adjustable, and is large enough to accom- 
modate a large pillow for the patient’s comfort 

TECHNIC OF TREATMENT WITH CABINET AND INDUCTION FIELD 

Preparation oj Cabinet 

1 Prepare mattress of cabinet as follows. Cover with a rubber 
sheet the size of the mattress; then with two terry-cloth blankets 
Secure the blankets and sheet in position Replace the mattress 
in the cabinet, so positioning it that the zipper which closes the 
mattress cover is at the head-end Now close the cabinet, and 
place a pillow over the opening in the head end to prevent the 
escape of heated air 

2 Fill the humidifier pan with water through the filler cup at 
the head end of the cabinet to the level indicated It is important 
that the water be kept at the proper level throughout the treat- 
ment Fig 220b The immersion heater Hiiuf always be kept cov- 
ered with water during its operation If operated without water, 
the heating elements will burn out, necessitating an expensive 
replacement. 

3. Set the thermostat control. Fig 220a, at 110 degrees by 
turning the knob until the arrow coincides with the 110 degree 
graduation on the dial 

4. Set the humidity beater switch, Fig 220b, on “high ” 

5. Turn the master switch, Fig 220e, to the “on” position 
Allow the cabinet to operate until the temperature for which the 
thermostat was set has been reached 
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Flc 220 (e) Msster switch p lot I gbt aod switch for cabinet 1 gbt. 


Admimslratton oj Treatment 

1 Lock the casters so that the cabinet will not roll and then 
place the patient in the cabinet Throughout the induction period 
the patient should he flat on his back with legs stretched out Fig 
221 Should he he on his side or on his back with his knees 
drawn up the time required to devafe his temperature will be 
increased because of the fact that a smaller mass of vascular 
tissue IS subjected to the effective portion of the induction field 
The master switch is left in the “on position and the thermostat 
left set at 110 degrees The setting of the humidity switch how 




Fic 222 Towel draped over towd bar and around patient s neck to muumize 
egress heated air from cabinet 
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Fic 223 Nurses record of fever treatment 


neck, Fig 222 This will effectively pretent the patient from 
being forced to breathe warm air from the cabinet which might 
escape around the neck piece Pulse respiration and rectal tern 
perature are to be taken and recorded every fifteen minutes ot 
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INDUaOPYREXlA CHART 



Fig 224 Chart of ie>er treatment 


charts such as those illustrated m Figs 223 and 224 
2 Operate the cabinet as descnbed above for about 15 minutes 
Then turn the humidity switch to ‘ low, and proceed with the 
treatment If the rise m the patient s temperature exceeds one 
degree per 15 minutes turn Inductotherm off The rate of rise 
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of the patient’s temperature is determined m general by the rate 
of energy input into the patient from the Inductotherm To de 
crease the rate of rise, operate the Inductotherm at a lower 
intensity setting 

3 When the patient's temperature reaches a point within tno 
degrees of the final temperature desired, reduce the thermostat 
setting to correspond to the final rectal temperature desired in the 
patient 

4 When the patient’s rectal temperature reaches a point within 
one degree of the final temperature desired turn the Inductotherm 
off, and at the same time reduce the thermostat setting to 90 
degrees Observe closely the rale of temperature rise by taking 
rectal temperature readings every five minutes The patient’s 
rectal temperature usually rises one degree after the Inductotherm 
IS turned off 

The rate of increase m temperature during the coasttng period 
IS usually the same as that during the induction period that is, 
about one degree in 15 minutes 

5 Tonard the end of the coasting period there is usually 
noted a definite slowing up of the temperature rise At this point, 
adiance the thermostat setting to the final rectal temperature 
desired From then on, the cabinet temperature can be balanced 
against the rectal temperature so as to maintain a level plateau 
It may be necessary to make slight changes of the thermostat 
setting every IS to 30 minutes to maintain a perfectly level 
plateau Seldom is it necessary to use a cabinet temperature in 
excess of the rectal temperature The cabinet temperature re 
quired for the maintenance of fever is usually one to three degrees 
lower than the patient’s rectal temperature 

6 Should there be no rise m temperature during the coasting 
period, turn the Inductotherm on until the desired temperature 
plateau is reached IVhen the proper level is obtained and the 
use ol the Inductofnerm is tenrunateft fnscmftmofc'Arfc’U’stt/i’AA- 
clinical thermometer and insert the bulb of the electric indicating 
thermometer and continue to record the rectal temperature, pulse 
and respiration every IS minutes It is of paramount importance 
that the trend of the temperature be under constant supervision 
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The use of an electric indicating thermometer makes this possible. 
Catiiion: Do not use or permit the sensitive bulb and the lead of 
the electric thermometer to remain in the cabinet zahile the In- 
ductotherm is ‘‘on.” 

Temperature and Temperature Control The only safe pro- 
cedure is to rely on rectal temperature readings, no reliance can 
be placed upon mouth or axilla temperature readings. UTiUe 
using the high frequency current, one must use the ordinary 
clinical thermometer for taking temperature, because electric 
thermometers are influenced by high frequency fields, and hence 
give spurious readings. However, when the high frequency field 
is no longer in use, then the clinical thermometer may be replaced 
by an electric indicating thermometer. This we believe to be 
very important for the safety of the patient. The most critical 
period of treatment is after reaching the fever plateau It is 
then that the trend of the temperature gradient needs to be kept 
constantly under observation. A resistance thermometer, Fig 225, 
is sufficiently accurate and follows the temperature gradient 
quickly with very little lag We believe that it is unsafe to do 
fever therapy without the use of some such temperature-indicating 
device. 

While maintaining the temperature plateau, the cabinet tem- 
perature should be regulated according to the trend of the pa- 
tient’s rectal temperature If the rectal temperature remains 
stationary after the induction period is finished, then the cabinet 
temperature is kept at the level which obtained during the latter 
part of the induction period; but if, as is usual, the rectal tem- 
perature rises, then the cabinet temperature is correspondingly 
lowered. The cabinet temp)erature is varied, therefore, as one 
would vary any insulation covering the patient. 

Should it be impossible to maintain the patient’s temperature 
with a cabinet temperature of 110® F., the difficulty is probably 
due to faulty technic — such as the escape of too much heat from 
the cabinet in the region of the neck, or to faulty technic in the 
operation of the cabinet. We find that we can operate a cabinet 
of this description at a temperature of 100“ F. to 1 10° F , usually 
at approximately 105° F. The air within this cabinet when 
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maintained at a temperature of 98 ° to 110° F., shows a relative 
humidity of approximately 100 per cent. 

The ideal technic is that which permits maintenance of desired 
rectal temperature level with the lowest cabinet temperature. 
Lowering the cabinet temperature, therefore, is the best possible 



Fia 225. Indican’ng resbonce theiroometer for fever therapy 


method for cooling the patient when necessary. Another method 
of cooling the patient is to operate a fan so as to blow a current 
of air across the face and head, or to apply cloths wrung out 
(not too dry) in ice-cold water to the head and face, or even a 
combination oi both methods. Both of these procedures impart 
marked comfort to a patient undergoing fever therapy and hence 
are frequently used for that purpose. It must not be forgotten, 
however, that these procedures will definitely lower body tempera- 
ture and if persisted in will result in inability to maintain a 
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constant temperature plateau Fever is not, nor can ever be made 
a wholly comfortable expenence, for the temperature of the 
patient has been purposely devated to a level to which he is not 
physiologically adapted To promote comfort at the expense of 
temperature is to defeat the purpose of the treatment These 
measures must not be carried to the point where the temperature 
will drop too rapidly Just as soon as the trend downward begins 
to be indicated, it is wise to stop these procedures until the down 
ward trend stops Then, if the temperature is still too high, the 
applications may be repeated It must be understood that there 
will not be an instantaneous response to these measures 

If the temperature continues to rise despite these steps, the 
next procedure would be to open the doors of the cabinet 
gradually If this proves ineffective, then the cabinet should 
be opened with the patient completely exposed If the tempera 
ture gets out of control and must be reduced quickly, it is 
best accomplished by keeping the surface of the body wet with 
lukewarm water and having one or two fans blowing over the 
entire body surface Immersing m cold water serves to further 
constrict the surface capillaries and interferes with the loss of 
heat 

THE iiVRSE^s RECORD Blood pressure should be recorded at 
the beginning and at the end of the treatment Rectal tempera 
ture, pulse and respiration should be recorded at least every 
15 minutes The nurse should note and record the onset of 
perspiration, also the appearance of cyanosis, dyspnea, irregularity 
in regard to rhythm and amplitude of the pulse, circumoral pallor, 
restlessness of the patient, and any irrational or slurring speech, 
should such effects occur In addition any abnormality in the 
mental state of the patient should be observed and recorded The 
nurse should record cabinet temperature throughout the entire 
treatment, and also the time of turning on and off the high fre 
quency field The patient’s fluid mtake should be recorded as to 
the amount and time of administration ^Vhat drugs or medication 
are employed should also be indicated, Fig 223 A fever chart 
Similar to that shown m Fig 226 should be plotted 

CARE OF THE PATIENT DUBING T31EATMENT As SOon aS the treat 
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ment is stalled, a nurse must give her undivided attention to the 
patient, for a great deal depends upon the confidence she may be 
able to instill in the patient It is necessary that she be of a sympa 
thetic disposition, yet capable of being firm whenever necessary 
Arthritic patients, who are unable to extend their knees completely, 



Fic 226 Ch3il of a hypermfrexia treatment 


should have a pillow or small blanket roll placed under the knees to 
prevent strain and discomfort at the knee joints 

Perspiration appears soon after the beginning of the treatment, 
and should be constantly wiped from the face with a cool, damp 
face cloth The patient will begin to feel uncomfortable as his 
temperature rises, the maximum discomfort usually occurs when 
the temperature is between IQl^ F to 103° F An occasiona 
patient may become so restless at this point that it might be we 
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to lower the intensity of the high frequency field until the patient 
becomes less restless This condition is probably brought about 
by a too rapid temperature increment, and it is doubtful whether 
this should be combatted by lulling the patient to sleep with a 
narcotic 

Restlessness is undoubtedly a physiological response and might 
be due to an endeavor on the part of the body to force blood 
from the peripheral bed back again into the larger vessels to 
maintain an adequate circulation If so, it is still another reason 
for abstaining from the indiscriminate use of sedatives Sedatives 
are necessary at times, and when necessary, should be used Our 
investigations seem to indicate that when a sedative is necessary, 
the most effective time for its administration is as soon as the high 
frequency induction field is discontinued At that time the patient 
is apt to be more responsive to a minimal dose than at any other 
time He can be told that his temperature has reached the desired 
level, and now must be mamtamed for a required number of 
» hours and that he should endeavor to sleep As far as possible, 
we always try to avoid the giving of sedatives during the height 
of the fever 

We do not find that morphine, administered m the doses recom 
mended by us, produces nausea and vomiting It is our belief 
that nausea and vomiting are more frequently the result of undi 
gested food in the gastrointestinal tract, the lack of sodium chlor 
ide m the drinking water, or because the fluids ingested are not 
absorbed If fluids are conlioually administered and are not ab 
sorbed, the stomach becomes distended, and finally, tolerating 
no further insult, it evacuates its contents The patient who is 
unable to absorb fluids readily will naturally crave water, and 
far more intensively than one whose absorption is unaffected 
In such cases the fluid intake should be limited to ISO 200 cc 
each 15 minutes, not all of it, however, should be given at one 
time, but only about SO cc every 5 minutes This serves to allay 
somewhat the craving of the patient for water In all cases, the 
total fluids administered dunng a treatment should not exceed four 
liters Each patient, however, is an individual problem and must 
be dealt with as such 
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In each liter of yfater, 6 Gm of sodium chloride are dissolved, 
or 90 grains per quart At this concentration it is not unpalatable, 
and provides adequate sodium chloride to replace the chloride 
loss by perspiration Salt administration will frequently eliminate 
nausea and vomiting. In the case of chDdren, we alternate the 
salt water with fruit juice, to which some form of sugar has been 
added. Some patients will tolerate and enjoy clear soup, coffee, 
or tea, and occasionally children can be given an orange, provided 
it is not eaten all at one time 

No matter what type of thermometer is used, it should never 
be inserted by the patient When the usual clinical thermometer 
is used, it should remain in the rectum constantly and only be 
removed for reading IVhen the electric indicating thermometer 
takes its place, the position of the rectal applicator of the ther- 
mometer should be checked from time to time to make sure 
It IS properly In place The rectal insert is provided with a 
rounded or pear-shaped eolargement, which must pass the exter- 
nal sphincter muscle of the anus Unless the bulb is correctly 
inserted, the instrument will not indicate correctly Furthermore, 
the bulb must be properly inserted with the enlargement passed 
beyond the external sphincter in order that it be firmly retained 
in position. Whenever it Is necessary to place the thermometer in 
the rectum or to remove it, or to supply the patient with a bedpan 
or urinal, it should be done in such a way as to minimize heat 
loss from the cabinet The bedpan should always be heated before 
being given to the patient It is only by constant attention to 
such details that one can maintain a fairly uniform temperature 
level over many hours 

Friends and relatives should not be permitted to visit the 
patient during the treatment, since they do not understand the 
procedure and often disturb and worry the patient The room 
should be well ventilated and darkened to make conditions as 
conducive to sleep as possible Noise and confusion should be 
carefully avoided 

The physician under whose supervision the treatment is being 
given, should not only be readily accessible at all times until the 
complete termination of the treatment, but should visit the room 
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frequently to show his interest in the welfare of the patient. It is 
an excellent plan for the physician, referring the patient to the 
fever department for fever therapy, to visit the patient after the 
fever has been induced, thereby imparting assurance and confi- 
dence to the patient. 

TERMINATING THE TREATMENT When it is time to terminate 
the fever at the end of a successful treatment, the patient is 
lightly covered with a sheet, and the cabinet is opened All soiled 
linen under the patient is replaced with a clean sheet, and his 
temperature is permitted to return to the normal level A light 
blanket is placed at the feet, with instructions for it to be used 
whenever the patient feels its need It usually requires one hour 
to one hour and a half for the temperature to fall from 105° F 
to 100° F. When the rectal temperature reaches 100° F., the 
patient is given a tepid sponge bath, foUoxsed by an alcohol rub, 
and is placed in a freshly made bed and returned to his room 
The patient is not permitted to sit up at any time until the 
following morning When the patient is returned to his room, 
he may be given any food he might desire His temperature 
should be taken every third hour during the night to be sure 
that no secondary temperature rise occurs 

WARNING SIGNALS The nutse should be made thoroughly 
familiar with all the danger signs which indicate that the tempera- 
ture should be lowered or the treatment terminated As a genera! 
rule, the patient’s temperature should not rise more than one 
degree during each 15-ininute interval, if the increment exceeds 
this, it frequently places too great a load on the circulation. 
This is evidenced by a rapidly rising pulse rate, dyspnea, marked 
restlessness, the appearance of circumoral pallor, and a feeling 
of apprehension. 

These symptoms can usually be checked by slowing the rate of 
temperature rise to pernut physiologic adjustment to take place 
With a too rapid temperature rise, particularly in diseases af- 
fecting the central nervous system, there is the added danger of 
the temperature not staying within the limits of safety and pre- 
cipitating heat stroke A patient whose temperature Is quite 
difficult to keep under control— that is, within 0 2° F. plus or 
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minus — by the usual method must also be watched with care 
Patients who show poor vasomotor control should not be subjected 
to temperatures of 104® F, unless the physician is certain that 
the patient will tolerate this temperature for the requisite period 
It is better to give the first treatment at about 103® F. for four or 
five hours. In succeeding treatments gradually increase the lime 
and the height of the temperature until 104° F for the requisite 
period has been reached. Such patients should not exceed a tem- 
perature of 104° F , and their temperature should at no time 
be reduced too abruptly. A patient who shows signs of circumoral 
pallor at any time should be watched carefully, for this is a signal 
of some circulatory embarrassment If it becomes pronounced, 
the treatment should be discontinued 

A steadily falling pulse rate with a sustained high tempera- 
ture, or an irregular pulse combined with marked differences in 
amplitude, are also signs which must not be passed over without 
due consideration There is almost always some slight degree of 
cyanosis present, and unless it becomes quite marked, is without 
great significance A marked diminution or cessation of sweating 
should be carefully noted, for this might indicate approaching 
heat stroke A patient who does not perspire readily is more 
susceptible to heat stroke The appearance of an almost imper- 
ceptible twitching around the lips or fingers is a signal to discon- 
tinue the treatment Such Iwitchings may be the incipient symp- 
toms of impending convulsions It is particularly important to 
watch for these disturbances when treating children 

Another sign calling for careful attention, is an unusually rapid 
respiration, or a respiration which is irregular in amplitude and 
rate Respiration fails before heart action A patient showing evi- 
dence of mental confusion at a temperature of 105° F , or below, 
should not be continued under treatment Treatment should be 
immediately discontinued when systolic blood pressure drops 
below 80 mm Hg , or when the pulse pressure is less than 20 mm 
Hg 

TREATMENT OF UNTOWARD EFFECTS Beat Stroke AH covering 
should be completely removed from the patient and cooling meas- 
ures instituted The body surface, especially in the region oi the 
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head, neck, and chest should be sprayed and kept moist with 
cool water while evaporation js hastened by an electric fan The 
evaporation of water at body temperature (98 6° F ) carries 
away S7S 5 gram calories per gram of water evaporated, while 
the melting of ice remo%es only SO gram calories per gram of ice 
melted Applications of ice-cold water cause constriction of the 
surface capillaries and interfere with the loss of heat Therefore, 
the loss of heat by evaporation of surface moisture would seem 
to be a more physiological method of cooling the body If these 
measures fail, it is necessary to resort to a complete tub bath 

Ctrculatory Fatlure or Shock The patient is cooled as rapidly 
as possible in the manner described m the previous paragraph 
Intravenous infusions of normal salme solubons and five per cent 
glucose solution in amounts ranging from SOO to 1500 cc should 
be given However, the danger of overburdening the arculation 
with the production of pulmonary edema should be kept in mind 
Kopp and Solomon” advise repeated determinations of the venous 
pressure to prevent this danger Respiratory embarrassment 
should be combatted with the application of oxygen and five per 
cent carbon diotide inhalations This is an ideal respiratory 
stimulant, supplies the body with carbon dioxide to compensate 
for the alkalosis, reduces cyanosis, and lessens capillary permea 
bility by relieving the anoxemia 

The loss of carbon dioxide by the body through the lungs and 
sweat during the fever is undoubtedly an important factor in 
increasing the alkalinity of the blood Through the skin there 
IS a carbon dioxide loss of some importance Koehler^* is of the 
opimon there is a direct correlation between cyanosis and certain 
types of alkalosis Mild cyanosis is not an uncommon occurrence 
m fever therapy Koehler believes that fever alkalosis is due to 
increased lung ventilation and the rapid ehmmation of carbon 
dioxide from the blood, thus causing a carbon dioxide deficit, 
which m turn results in the passage of sodium ions into the tissue 

* I iind Solomon H. C Shock S>'ndrome in Ther^eutic Fever 

Arch Int Med. 60 S97 1937 

** Koehler A E Acid Base Equ Ibnum I Cltmcal Studies in Alkalosis 
Arch- Int Med 31 590 1923 
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lips; occasionally, however, they also appear on buccal mucosa, 
and less frequently on the nares 

Warren, Carpenter, and reported that 46 2 per cent of 

their 411 patients developed a herpetic corneal ulcer, which made 
an uneventful recovery They state it is not clear whether the 
disease develops as a result of some change in the resistance of the 
host, caused by the primary infectious agent, or by the elevation 
in temperature Neither the degree of temperature elevation, nor 
the duration of the fever, had any direct relationship to the occur- 
rence of the herpes It is probable Uiat the virus is earned by the 
patient An explanation of the development of herpes at the 
present time is cell trauma In the case of artificially induced 
fever, elevation of the skin temperature may m some manner alter 
the cell nucleus, thereby giving rise to a new agent which can he 
recovered from the resultant lesions as a filter-passing virus War- 
ren, Carpenter, and Boak state that the lesions were usually 
confined to the skin about the mouth and nose, and appeared 
most frequently on the mucous membranes of the lips, near the 
mucocutaneous borders, following in general the distribution of 
the fifth cranial nerve 

It is advisable to inform the patient of the possibility of the 
formation of the so-called fever blisters, so that he may not be 
unduly alarmed if they should appear For treatment some use 
topical applications of SO per cent alcohol as soon as the vesicles 
appear. The application of lanolin or cold cream to the blisters 
has been found to be useful others The frequent use of sulfa- 
thiazole ointment affords a protective coating, which relieves some 
of the distress of herpetic lesions and will prevent or control the 
secondary infection which is often associated with these lesions 

In our experience, herpes simplex has never occurred with such 
intensity as to cause interruption of a course of treatments 

IV. Therapeutic Applications As stated in the Preface, it 
IS noi: otrr mteatNa tfu dketiss &erspei^tk: sppiicathns Sesce, jw 
attempt will be made to discuss or evaluate the merits and limita- 

" Warren, S L , Carpenter, C. M . and Boak R A Symptomic Herpes A 
Secjuela of Artificially Induced Fever J Exp Med 71 155 1940 
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tions of artificial fever in the wide range of conditions in which 
it has been employed. The literature on the subject is very ex- 
tensive. We have summarized in Table 61 those conditions in 
which fever has been found useful, together with temperatures, 
duration of treatment, number of treatments, and frequency of 
treatments that have been found effective For an extensive 
sun-’ey of the clinical applications of fever therapy, the reader 
is referred to the book by Neymann, Arttficial Fever, published 
by Charles C Thomas, Springfield, Illinois. 
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I A Comparison op the Effects op Hyperpyrexia Induced 
BY THE External Applications op Heat and by the Use op 
High Frequency Current 

Broadly speaking, all of the technics for the production of 
artificial fever by physical agents can be classified under two 
general methods 
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One method uses external heat, which can be applied by electric 
blankets cabinets using hot air, nebular spray cabinets condi 
tioned air cabinets, cabinets using either infrared generators or 
incandescent lamps, as the source of heat, and hot water baths 
The production of the fever is dependent upon the patient being 
in a heated environment The deeper tissues of the body are slowly 
heated by the conduction of heat from the heated surface tissues 
The other method uses htgk jrequency electric energy to gen 
crate heat tn the tissues themselves, independently of any external 
application of heat, for the purpose of producing fever In both 
methods it is necessary to retard heat loss from the body as ef 
fectively as possible so that the patients temperature can be 
maintained at a requisite level In addition with such insulation 
the desired temperature plateau is reached with a minimum loss 
of time As already pointed out, the methods of retardation of 
heat loss have evolved from the ordinary hospital bed using 
rubber sheets and many blankets to the use of a well insulated 
sleeping bag and hnalty to (he air conditioned cabinet 
Unfortunately, very few investigations comparing these two 
methods have provided objective evidence The question as to 
whether clinical results could be secured was a far more important 
question than the how and U)hy of the various methods m use 
Most investigators were too busy perfecting their own particular 
method to experiment with other procedures Most of them were 
quite satisfied that their own paiViculaT technic was the method 
of choice 

After one has used the two methods on a number of subjects 
It becomes evident that they differ in regard to the intensity of 
the reactions produced When heat is externally applied the 
subject IS more restless delirium is more frequently encountered 
and vascular collapse and heat stroke are more likely to occur 
This clinical impression was formed after several hundred treat 
menls in which both methods were used Osborne' conducted a 
senes of investigations to ascertain the explanation and studied 
a number of physiological re^nses to fever produced by the 
two methods 

’Osborne S L Physiology of Hyperpyrexia Dissertation for Doctorate 
NoTtb’Bestern University Evanston 1940 
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The Effect of Beat Applied by the Two Methods on Axillary 
and Rectal Temperature. Normally the axillary temperature is 
below that of the rectum. WTien heat is applied to the skin, the 
skin temperature is obviously raised. Fig. 227. For this reason 
it was considered advisable to determine the axillary and rectal 
temperature changes when fever is produced by the two methods. 

It is to be noted that when internally generated heat is em- 
ployed for raising the body temperature, the normal temperature 
gradient is maintained from the start to the finish of the treat- 
ment, as evidenced by the fact that the rectal and axillary 
temperature curves never cross. Conversely, with the use of 
external heat a reversal of this normal temperature gradient is 
present during the induction of the fever. But when the fever 
plateau has been reached, the normal temperature gradient re- 
asserts itself, and does not change again, provided the patient is 
well insulated against heat Joss. Thus, fever produced by high 
external temperatures causes a reversal of the normal heat 
gradients of the body during the induction period, but once the 
fever plateau has been reached, the normal temperature gradient 
reasserts itself. However, if it becomes necessary to reapply heat 
because of a falling temperature, reversal of the temperature 
gradient will again occur. 

The Effect of High Skin Surface Temperature on the Sweat 
Glands. It was thought that a high skin surface might cause 
paralysis of the sweat glands and in this manner precipitate heat 
stroke. Luschsinger* reported that if one hand is held in water at 
a temperature of 45° to 50° C. (113° to 112° F ) for 20 minutes, 
and then the two hands are exerdsed, the unheated hand will 
begin to sweat much sooner than the heated hand A series of 
eiqieriments to evaluate the validity of this observation was con- 
ducted, but no eddence of sweat gland paralysis was obtained. 
It was conduded that heat stroke from external heat could not 
be attributed to the paralysis of the sweat glands. Wiggers* states : 

“In exposure to high external temperatures, as exemplified by 

* Luschinger, B • Die Erregbaikeit der Schweissdrusen aJs Function ibrer 
Temperatur Arch f d ges. Pbyaol 18 478 1878 

* Wiggers, C J : Physiology in Healtb and Disease Second Edition Lea 
and Febiger, Philadelphia, 1937. 
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hot baths, the temperature gradieat is either decreased or, in the 
case of temperatures higher than those of the body, it is actually 
reversed, so that heat passes from the surrounding medium to the 
body. The reactions which occur consist of dilatation of skin 
vessels, partly through action of an increased temperature on 
nervous centers Heat tends to increase the formation of vaso- 
dilator substances in tissue (H substances) , these cause dilatation 
of capillaries and venules directly, and relaxation of arterioles by 
axon reflexes At still higher temperatures the increase m such 
instances becomes so great that endothelial permeability is 
reduced ” 

Tht Effect of External and Internal Beat on Water Balance 
^\TiiIe most workers in the field of hyperpyrexia state that 
patients lose weight during treatment, no data were published on 
the actual weight loss until Neymann and Osborne published their 
data in 1934* 

Lepore* in 1935 presented a paper before the Fifth Annual 
Fever Conference on chloride and water balance during artificial 
fever produced by external beat He reported that the average 
fluid intake for the treatment, with a temperature of 103® F to 
106 7® F maintained for seven hours, was 95 cc per kilo body 
weight, and the average sweat output 56 cc per kilo body weight 
The total sweat eliminated, Lepore found, was not related to the 
degree of fever The sweat output varied a great deal from patient 
to patient, and m the same patient on different days The average 
sodium chloride content of the sweat was 5 87 grams per liter 
Again, individual variations were found to be great Lepore states 
that the average patient had a fluid intake of 5300 cc , and lost 
3200 cc of sweat and 18 8 grams of NaCl during a single 
treatment 

In 1938 Gibson and Kopp* presented a valuable paper regard- 

* Ne>uiann C A., and Osboroe, S L. Tbe Physiology of Electropyrexia 
Am J Sj-p 4. Neurol 18 28 1934 

•Lepore, M J Chlonde and Water Balance m Patients with Artificial 
Fever Abst and Papers and Discussion Fifth Annual Fever Conference Da> 
ton Ohio, 19J5 

* Gibson, J G , and Kopp I Studies m the Physiology of Artificial Fever 
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ing blood volume and water balance during hyperpyrexia treat- 
ment. The same year Kopp and Solomon^ published their article 
Shock Syndrome in Therapeutic Hyperpyrexia. For the first time 
ample evidence was presented to account for the more frequent 
occurrence of shock or vascular collapse when high external tem- 
peratures are used to produce artificial fever. Both of these papers 
are valuable contributions, because they tend to clarify some of 
the hitherto obscure physiologic changes occurring during the 
course of artificial fever. 

Osborne' in 1940 presented further data on the weight loss of 
patients undergoing treatment by means of external and internal 
heat. Data of forty-five experiments were presented The environ- 
mental temperature used in fourteen of the experiments ranged 
from 100® F. to a maximum of 110® F. A high environmental 
temperature ranging from 130® F. to 160® F. was used m thirty- 
one experiments. Total weight loss was calculated from the 
amount of weight loss during treatment, plus the weight gained 
by fluid intake, and minus the weight lost through fluid output. 
This represented the total fluid lost by the body. The water was 
lost chiefly through evaporation from the skin and lungs Total 
W’eight loss during treatment was taken as the actual weight 
difference before and after treatment, without regard to the 
water intake or output The average total weight loss was found 
to be 5 4 kgms with high environmental temperatures, and 3 9 
kgms. with low environmental temperatures. The difference of 
1. 5 kgms. was found to be significant Table 62. 

So far as weight loss and fluid intake and output are con- 
cerned, it would appear that the principal difference between 
these two methods lies in the large amount of fluids demanded by 
the body when high environmental temperatures are used With 
externally applied heat, the fluid demand was 157 per cent 


I Changes in the Blood Volume and Water Balance J Clin Invest 
"'KopJ’?, and Solomon, H C Shock Sjmdtomo in Tbetapenlic Fever 

^'■'osbome,*? l” PMofiy o, Hn«ipyreiia, Dissertation for Doctorate, 
Northwestern Umversity, Evanston, 1940 
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greater, while the urine output increased only 112 per cent. The 
average total weight loss for external heat was 5 4 kgms , while 
for internal beat it was 3.9 kgms 
In their paper on shock during therapeutic fever, Kopp and 
Solomon® presented some interesting data on shock reactions 
which occurred while using the Kettering Jiypertherm, a device 
employing external heat. They found a reduction in the volume 

TABLE 62 



of the blood plasma ranging from 10 to 32 per cent in spite of a 
large fluid intake by mouth. 

Approximately 66 per cent of the body weight is water. In a 
person weighing 70 kilos, the water is distributed approximately 
as follows: in the plasma, 3 kilos, in the lymph vessels and tissue 
spaces, 14 kilos; in the cells, 26 kilos. When water is lost, that m 
the tissue spaces is probably called on to conserve the plasma 
volume If that is true, then when (he plasma volume is decreased, 
the water in the tissue spaces, which bathes the cells, is decreased 
To what extent the cells themselves become dehydrated is 
unknown 

Gibson and Kopp'® published a comparative study on total blood 


‘Kopp, I, and Solomon, H C Shock SjTidrome in Therapeutic Fever 
Arch. Int. Med 60 597 1957 

* Gibson, J G , and Kopp, I Studies in the Physiology of Artificial Fever 
I Changes la the Blood Volume and Water Balance. J Clin Invest 
17 219 1938 
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and plasma volumes while using the Hypertherm, diathermy and 
radiant heat cabinets These data give further confirmation that 
low environmental temperatures produce less change m the blood 
volume than do high external temperatures It is unfortunate that 
these investigators, in our opinion, used the most unsatisfactory 
diathermy application suggested to raise body temperature — 
namely, the belt and cuff technique This method is liable to 
produce vascular collapse A cuff electrode was placed around 
the waist, one around each thigh, and one around each lower leg 
The thigh electrodes were connected to one terminal of the 
diathermy generator, and the calf and abdominal electrodes to the 
other The current flow was in series with the largest blood vessels 
in the abdomen and legs, and the resulting excessive heating of this 
region possibly tended to cause splanchnic dilatation However, 
although applied in this manner, diathermy produced less change 
in blood volume than those methods employing high environ 
mental temperatures, even during the induction period when 
excessive heating of the splanchnic region would occur 

Pijoan" reported that if the environmental temperature is low, 
and the alkalosis mild, the hematocrit change is minimal and 
within seven per cent of the original value Theoretically, the 
degree of change in the hematocrit value occurring during fever 
closely parallels the degree of tissue dehydration, because the 
blood tends to maintain its composition under all conditions 

During hyperpyrexia, absorption of fluid from the gastro 
intestinal tract appears to be either delayed or impaired regard 
less of the method used for producing the fever, but it appears to 
be much more marked when external heat is used If fluids are 
given without regard to this physiologic disturbance, vomiting 
and nausea are very likely to result because of marked distention 
of the stomach Hartmann and Major,** experimenting on dogs 

“Pijoan "M Certain Bjrfiogic^BSertslVtftWg Tvwi Pbi-j'. 

and Major R C Pathological Changes Resulting 

From Accurately Controlled Artificial Fwr Abst Am Int Fever Conf Aew 

York City, Paul B Hoeber Inc 1937 
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and using a Hypertherm, found that unless their animals were 
given repeated intravenous infusions of dextrose and saline solu- 
tion, they did not survive the treatment. 

The permeability of the lymphatic capillaries has been found 
by Hudack and McMaster** to be increased when the temperature 
of the part is raised. The edema of the hands, rather frequently 
seen after hyperpyrexia, is indicative of the altered capillary 
permeability. 

McCarrelP* studied the effect of hyperthermia as well as hypo- 
thermia on the cervical lymph flow of dogs and cats He believed 
the rise in cervical lymph flow which occurred as the result of 
fever was due to an accelerated rate of capillary filtration, brought 
about first by arteriolar dilatation, which increases the capillary 
pressure, and secondly by capillary dilatation, which enlarges the 
area available for filtration This shift of capillary fluid, which 
leads to a greater flow of more dilute lymph, the author believes, 
maybe the causative factor of the common summer experience of 
swollen hands and feet 

Krogh” has shown that agents which cause capillary dilatation 
will also cause edema or stasis, or both, when applied in sufficient 
intensity. High external temperatures, it would seem, might be an 
ideal dilator of the capillaries, at least in the skin. Gibson and 
Kopp’* state that the loss of 5 cc. of tissue fluid per hour per 
kilogram of body weight is the limit of safety 

It should be pointed out that changes in environmental tem- 
perature and humidity cause activity of the autonomic nervous 
system, which makes adjustments to meet such changes. But 

“Hudack, S S, and McMaster, P D . Nonnal and Pathological Perme- 
ability of the Lymphatic Capillaries in Human Skin Soc Exp Biol & Med 
2g 944 1932 

“ McCarrell, J D : The Effect of Hyperthermia and Hypothermia on Cer 
vical Lymph Flow Am J Physiol 130 34 1940 

“ Krogh, A • The Anatomy and Physiology of Capillanes, New Ha>en, Yale 
University Press, 1924 

“ Gib'on, J. G , and Kopp, I ■ Studies in the Physiology of Artificial Fever 
L Changes in the Blood Volume and Water Balance, J Chn Invest 
17 219 1938 
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when environmental changes are too great or too sudden, the 
autonomic nervous system may be incapable of bringing about 
the necessary compensating changes Kopp and Solomon” state 
that “shock phenomena occurred only when the patients were in 
the Hypertherm, where the wet bulb temperature approximates 
135° F., and never in the dhtbernty carbon lamp machine, where 
it is about 105° F.” 

In view of the foregoing, it is readily understood why the 
group in Osborne’s series’* subjected to external heat required 
157 per cent more fluids than did the diathermy group. It would 
seem that when using external heat as the means of elevating 
body temperature, the physiological mechanism of the body is 
making a desperate effort to maintain adequate blood volume 
levels. With relatively high external temperatures — which are 
necessary if the temperature of the body is to be elevated by 
external heat alone — the superficial capillaries and veins will be 
markedly dilated. Much of the blood will consequently be con- 
tained in these dilated superficial vessels with resulting paucity of 
blood in the arteries Under such circumstances the heart will be 
laboring with marked effort to maintain an adequate circulation 
The decreased blood volume leads to decreased venous return 
flow and causes the heart to beat faster in order to keep the 
minute volume sufficient to carry on the circulation With reduced 
circulating blood volume and concentration of the blood, diastolic 
filling is profoundly disturbed 

In addition to the foregoing, increase in capillary permeability, 
due to the effect of heat per se, and such anoxemia as may be 
induced by reduced blood volume, might cause a still further 
reduction in blood volume- Thus a vicious cycle would be estab- 
lished 

The Effect of Skin Temperature on Heart Rate It is well 
known that a change in body temperature will increase the 

•'Kopp, I. and Solomon, H C Shock Syndrome m Therapeutic Fever, 
Arch Int Med 60 597 1937 x . . 

•* Osborne, S L physiology of Hyperpyrexia, Dissertation for Doctorate. 

Northwestern University, Evanston, 1942 
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pulse rate Hill and Flack/* with patients lying in a hot water 
bath 105° to 110° F., observed a mean increase of forty-four 
beats per minute for a rise in rectal temperature of 2 4° C 
Bazett*" in 1924 reported an increase, under similar conditions of 
thirty-seven beats per minute for a temperature rise of 2 0° C 
In the same year, Adolph and Fulton’^ exposed subjects in a room 
to an air temperature of 39 5° to 40 7° C The relative humidity 
of the air was 100 per cent The air was not in motion They con- 
cluded that the change in pulse rate was more closely related to 
surface than to deep temperature Grollman** m 1930 subjected 
individuals to air temperatures var 3 dng from 0° C to 45° C, 
but with relative low humidity, for periods of an hour He found 
that pulse rate was increased as the temperature was elevated 
Benson** in 1934 showed that the heart rate varies directly with 
the temperatures applied to the skm, and that by cooling the sUn 
surface, even with a rising rectal temperature, the pulse rate would 
drop markedly Schmitt, Holmquest, and Marshall in 1936** pub 
lished a composite rectal temperature and pulse rate curve taken 
from a series of eight patients treated by means of an air-condi 
tioned cabinet combined with an Inductotherm Fig 228 The 
air temperature within the cabinet ranged from an initial tem- 
perature of 110° F during the induction period to 100° F 
during maintenance A high relative humidity was employed They 
plotted both median and maximum values The maximum rectal 
temperature curve ranged from 106° to 106 6° F for six hours, 

” Hill, L , and Flack, M The Influence of Hot Baths on Pulse Frequency 
Blood Pressure, Body Temperature, Breathing Volume, and Alveolar Tensions 
m Man, J Physiol 38 57 1909 

"Bazetf, H C Studies on Effects of Baths on Man, Am J Phyriol 
70 412 1924 

" Adolph, E F , and Fullon, W B Effect of Heat on Circulation in Man, 
Am J Physiol 67 574 1924 

"GroJlman A Physiological VanalJons of the Cardiac Output in Man, 
Am J Physiol 95 263 1930 

"Benson, S Relative Influence of External and Body Temperature Upon 
the Heart, Arch Phy Therap 15 303 1934 

" Schmitt, M G , Holmquest, H J , and hlarshall, J G Fever Therapy, 
Physiotherapy Rev 16 93 1936 
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while the median rectal temperature was between 104° and 105° F. 
The pulse rate reached a maximum of 132 beats per minute, but 
only once during the entire curve; whereas the median pulse rate 
was approximately 100 beats per minute throughout the treatment. 

A comparative study of the effects of high and low environ- 
mental temperatures on the pulse rate'during artificial fever was 
published by Neymann in 1938 A composite curve was presented 
showing the mean pulse rate and mean rectal temperature of two 
groups of patients; one group treated in the Kettering Hyper- 
therm was e'^osed to high environmental air temperatures (120° 
to 160° F.), the relative humidity of the air being approximately 
30 to 40 per cent; the other group was subjected to a relatively 
very low environmental temperature and a high relative humidity, 
approaching saturation In the latter group, electromagnetic induc- 
tion was used as the heating agent and a treatment bag for 
minimizing heat loss from the patient The temperature and the 
relative humidity of the environmental air, in the case of the 
treatment bag, were dependent on heat transfer from the patient 
and on evaporation of perspiration, respectively Obviously the 
temperature would be relatively low, never exceeding that of the 
skin, and the humidity very high because of the small volume of 
still air to be humidified The fever curves were almost identical, 
but the pulse rate for the low environmental temperature asso- 
ciated with induction heating was decidedly lower than that for 
the high environmental temperature. This was not due to the 
particular apparatus which was employed, for Cook* ** in 1939 
using a Kettering Hypertherm, but modified to operate at low 
temperature and high humidity, found that pulse rates remain 
moderate even during the induction of fever. Phillips** in 1938 
demonstrated by an ingenious method, that on the same subject 
a high skin temperature produces a high pulse rate regardless of 

* Neymann, C. A : Artificial Fever Charles C Thomas, Spnngfield, Hi , 19S8 

** Cook, M M . A Low Temperature Techruc for Artificiai Fe\ er loducf ion 
Arch Phys. Therapy 20 544 1939 

’'Philbps, K. Phj'Sical Methods of Fever Production from a Physiologic 
Viewpoint Arch Phys Therap 19 473 1938 
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at 1021® F, the difference in pulse rate between the two 
methods was statistically significant Table 63 
The average pulse rate during the fever plateau was approxi 
mately 20 beats per minute greater with external than with 
internal heating Moreover, there seemed to be a greater tendency 
for the pulse rate and the temperature curves to fluctuate when 
external methods, employing high environmental temperatures, 
were used 

Simpson’* states there is no evidence of essential difference in 
pulse rate or other physiologic responses to fever induced by 

TABLE 63 


Average Rectae Teupebattoes ano Avexace Coeresponding Pctlse Rates por 
Extirnal and Internal Heatejc Methods (15 Subjects in Each Group) 


Average Rectal 
Temperature 

Average 

Pulse Rale 

Difference 
in Pulse Rate 

2<r 

External 

Internal 

External 

Internal 

External 

Internal 


102 1 

101 6 

IIS 

109 

+6 


+7 2 


103 3 

12$ 

109 

+19* 


+6 $8 


103 a 

130 

113 

+17‘ 


+6 6 

104 4 

104 3 

139 

113 

+26* 


+7 26 


• S gniScant 


either air conditioned external heat or so called internal heat 
methods With this we do not agree Simpson states he found an 
average increase of 7 beats per minute for each degree of tern 
perature rise Looney and Borkovic,** using statistical methods of 
analysis, found that as the temperature of their patients was 
elevated, the mean pulse rale increased from 73 9 to 112 I and 
finally to 116 3 The rate, tb^ stale, showed a significant positive 
correlation with temperature with an "r" of 0 709 and a proba 
bility of such a relationship occurring by chance of less than 1 in 

"Simpson W H Stuies on the Physiology of Fever JAMA 
106 246 1936 

” Looney J M and Borkowc E J The Changes Produced on the Oaygen 
and Carbon Dioxide Conteit of Artcnal and Venous Blood of the Brain 
Dunng Diathermy Therapy for General Paresis Am.J Physiol 136 177 1942 
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100. They found a change of 5 1 beats per degree F., and even 
holding the temperature at the level of 105-106.6 for three to four 
hours caused no significant difference in the result. * 

Adolph and Fulton” believe that vasomotor sensory impulses 
may be set up in the peripheral vessels, which reflexly stimulate 
the accelerator mechanism of the heart They state that there is a 
direct correlation between superficial body temperature and heart 
rate, and that the three primary responses to high temperature, 
namely, gradual peripheral vasodilatation, acapnia, and loss of 
CO*, are initiated by temperature conditions in the skin, and not 
by those in the central organs. 

Benson” attributed the pulse rate acceleration to reflex action, 
probably initiated through the stimulation of the nerve endings 
in the skin with a subsequent chain of reflexes which terminate 
in the cardiac accelerator or depressor mechanism It is also 
interesting to note that be states artificial fevers may be produced, 
theoretically at least, without increasing the heart rate to any 
great extent The pulse curve published by Schmitt, Holmquest, 
and Marshall” would seem to substantiate this hypothesis 

However, as already pointed out in the discussion on water 
balance, the increased pulse rate may be due to the heart working 
faster in an endeavor to keep the circulation at an adequate level 
Because of an actual decrease in blood volume during artificial 
fever, and of a relative diminution In venous return due to the 
marked dilation of the vessels of the skin resulting from high 
external temperature, the heart rate must be accelerated in order 
that an adequate circulation be maintained It is evident, regard- 
less of the mechanism involved, that a low environmental tem- 
perature involves less risk for the patient than a high environ- 
mental temperature, insofar as circulatory embarrassment is 
concerned 

" AdoJpb, E F , and Fulton, W B Effect of Heat on DrcuJalion jn Man, 
Am J Physiol 67 574 1924 

" Benson, S Relative Influence of External and Body Temperature Upon 
the Heart Arch Phys Therap 15 303 1934 
“ Schmitt M G , Holmquest, H J , and Marshall, J G Fever Therapy 
Physiotberap Rev 16 93 1936 
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General Discussion of the Effects of the Two Methods of Pro- 
ducing Artificial Fever. The differences observed when using the 
two methods of producing artificial fever, dre summarized and 
briefly discussed in the following; 

A high skin temperature, as is produced by high environmental 
temperatures, does not directly paralyze the sweat glands But an 
indirect paralysis may possibly occur because of a central failure 
of the sweat centers, or to a peripheral effect of a change in the 
composition of the blood, or possibly to some substance liberated 
and carried by the blood. An indirect failure of the sweat glands 
apparently occurs in collapse or heat stroke 

Fever produced by high external temperatures causes a reversal 
of the normal heat gradients of the body during the induction 
period of fever. After the fever plateau has been reached, the 
normal temperature gradients return It is probable that the 
greater discomfort reported by the patient when fever is induced 
by a high external temperature. Is due to the high skin tempera- 
ture and the reversal of normal heat gradients This view is in 
agreement with Cook,** who believes that the patient’s discomfort 
is in direct proportion to the skin temperature, and consequently 
that there is less need for sedatives when low environmental 
temperatures are used 

The greater dehydration, hemoconcentration, and acapnia asso- 
ciated with !tv« induced by high environmental temperatures, 
correlates well with the greater increase in pulse rate that occurs 
when such temperatures are used However, as pointed out 
previously, the increased pulse rate associated with external 
heating, is not entirely due to a decrease in blood volume 

The observations made by Osborne, and those reported in the 
literature, constitute strong presumptive evidence that the use of 
high environmental temperature to produce fever is potentially 
more hazardous than the use of internal heating or Inducto- 
pyrexia. It should be made clear, however, that when proper pre- 
cautions are taken in the selection and treatment of patients, the 

" Cook, M M A Low Temperature Technic for Artificial Fever Induction 
Aicb Thys Therap 20 S44 1939 
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external heating method of inducmg artificial fever may be used 
In fact, proper precautions must always be taken regardless of 
the method employed However, for the reasons presented in 
the foregoing discussions we prefer, and use a combination of the 
two methods induction heating to elevate the temperature and a 
low environmental temperature with high humidity to minimize 
heat loss 

II Temperature Measurements of Various Organs and 
Tissues During Hyperpyrexia For many years a temperature 
of 98 6® F or thereabouts as registered by rectal or oral ther 
mometers was assumed to be the average temperature of the body 
tissues Today this view is no longer held A subject, lightly 
clothed in a room at a temperature of 77° F will have an average 
skin surface temperature of approximately 92° F While the tern 
peralure of the feet may be as low as 70° F the abdominal sur 
face may be as high as 95° F Benedict and Slack” in 3910 found 
that a constant temperature m the vagina and rectum was not at 
tamed until a depth of five toseien centimeters was reached They 
also showed that a rise or fall of the rectal temperature was accom 
panted by a corresponding change in the temperature of other 
parts of the body, such as the axilla and the groin In 1927 Bazett 
and JIcGIone” reported that a uniform temperaturein the forearm 
and thigh was not attained until a depth of 2 5 cms was reached 
Burton” states that the true temperature of the interior of the 
body IS not reached before a depth of several centimeters, and 
that this temperature is 4° to5° F higher than the surface tempera 
ture He calculated that about fifty per cent of the body was 
within an inch of the surface He concluded that for scientific 
purposes the measurement of the surface temperature was equally 
if not more, important than the rectal temperature m the calcula 

" Bened ct F G and Slack E P A Comparative Study of Temperature 
Fluctuations in Different Parts of the Human Body Carnegie Institute of 
Washington 1S5 36 1910 

" Baaett H C and McGlone B Pbys ological Respon es to Heat Physiol 
Rev 7 531 1927 

“Burton A C Human Calonmetry The Aserage Temperature of the 
Tissues of the Body J Nutntion 9 261 1935 
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tion of the average body temperature. However, rectal temperature 
is the only practical and safe clinical guide when administering 
fever therapy. 

^leasurements of the intragastrfc temperature were made by 
Thiessen” during artificial fever, for a mean elevation of oral 
temperature of 0 6° C The mean elevation of the rectal tempera- 
ture was 0.7* C , and that of the intragastric temperature 1.2'’ C. 
Unfortunately, his article does not state whether externally ap- 
plied or internally generated beat was employed for elevating 
the temperature It is conceivable, too, that with the use of high 
frequency energy for elevating the temperature, the technic 
employed with respect to the re^on in which maximum heat was 
being produced would have a bearing on the relative temperature 
elevations of different regions This would be particularly true for 
small temperature increases, obtained in relatively short times, 
before opportunity had been afforded for stabilization of tem- 
perature throughout the body. 

The literature shows few temperature measurements other than 
oral, rectal, and axillary taken during hyperpyrexia Bierman” 
shows a single temperature curve in which he plots both the 
rectal and vaginal temperature However, the vaginal tempera- 
ture was taken while a localized application of diathermy was 
made to the vagina during a hyperpyrexia treatment Neymann 
and Osborne'* in 1934 published several temperature graphs, 
taken during artificial fever, which included the rectal, axillary, 
and subcutaneous temperatures of the abdomen, forearm, lower 
leg, thigh, Hunter’s canal, liver, dstema magna, and lumbar 
spine. Kendall, Webb, and Simpson” in 1936, in addition to 
measuring rectal temperatures, recorded the temperatures of the 
knee joint and of the posterior and anterior urethra, during a 

" Tbeasen, N W Tbc Vanalioos of latragastnc Tempetature m Response 
to Vasodilating Agents Proc Staff Meet ilayo CUnic 8 22 1933 

“ Biennan W Radiolberai^ Aich. Phys Therapy 13 389 1932 

“Neymann, C A, and Osborne, S L The Physiology of Electropyrem 
Am J Sypb & NeuroL 18 28 1934 

“ Kendall, W. H., Webb, W , and Simpson. W M Artificial Fe\er Therapy 
of Gonorrheal Arthritis Am. I Soig 29 428 1935 
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hyperpyrexia treatment. In 1936 Culler and Simpson^^ published 
a temperature curve of a fever treatment using the external 
heating method The temperature of the orbit of the eye and 
that of the blood in the median antibrachial vein, as well as the 
rectal temperature, were recorded They reported that their 
values for deep temperatures obtained by external heating were 
essentially similar to those found during fever induced by high 
frequency currents They also stated they made temperature 
measurements in Hunter’s canal, the rectosigmoid junction, the 
cervi uteri, the urinary bladder, and the stomach, but unfortu- 
nately no data or curves were presented They found that the 
temperature of the blood rose slightly faster than that of the other 
tissues during the induction of the fever, but all temperatures 
reached practically the same levd as that of the rectum at the 
end of the first hour, and remained at approximately the same 
level during the five hours or more of fever maintenance 
In 1930 Neymann and Osborne** became interested in the 
possibilities of artificial fever as a means of treating syphilis 
Bessemans and his collaborators,** working with rabbits as well 
as with man, demonstrated that a temperature of 42* C main- 
tained for one hour, or a temperature of 40* C maintained for 
two hours, was capable of destroying the treponema pallidum in 
vivo. 

In the United States, Carpenter and Boak in 1930*® showed 
that, with adequate fever treatment? rabbits infected intratesticu- 
larly with treponema pallidum failed to develop chancres The 
temperatures were elevated 3 to 6* F. above the initial tempera- 

“ Culler, A. M , and Simpson, Walter M Artificial Fever in Cases of Ocular 
Syphilis Arch Ophthal 15 624 1936 
“Neymann, C A, and Osbome, S L The Physiology of Electropyrexia. 
Am. J Syph & Neurol 18 28 1934 

“ Bessemans, J F A Albert The Local Application of Heat as an Adjunct 
in the Sochi and Individual Fiopbyhxis oi Syphihs The RoJe of Tissue 
Temperature in the Pathogenesis and the General Pyretofherapy of Syphilitic 
Infection Urologic & Cutaneous Review 34 71 1930 
“ Carpenter, C SI , and Boak, R. A The Effect of Heat Produced by an 
Ultra High Frequency Oscillator on £iq>eninental Syphilis in Rabbits Am, 

J Syph 14 346 1930 
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ture, and maintained for periods of 30 to SO minutes They used 
the Radiotherm devised by Whitney and Page, uthzing the high 
frequency electric field for producing the fever 

In 1932 Boak, Carpenter, and Warren" presented further 
evidence in support of the value of fever in the treatment of 
syphilis by the determination of Uie thermal death time of the 
treponema pallidum in vitro The temperature and the time the 
temperature must be maintained to destroy the organism m vttro, 
which these investigators found, are within the limits of human 
tolerance. From a consideration of the work of these investi- 
gators, Neymann and Osborne recognized that for fever to be 
successful in the treatment of syphilis in the human being, it 
would be necessary to have all the tissues of the body at the 
thermal death temperature for the requisite period of time Hence 
they made Tneasurements during the course of many fever treat- 
ments, in as many parts of the body as possible, m order to devise 
a technic of application that would assure adequate temperature 
of all tissues. 

In some instances the patient’s temperature was raised with 
external heat, in others by high frequency current, and in still 
others by a combination of both methods By the combined 
methods, they sought to overcome the temperature gradient be- 
tween skin surface and internal tissues Effort was made to have 
all of the tissues exceed the thermal death temperature of the 
treponema pallidum — namely 105 S'* F for at least 2 hours, or 
107.6° F. for one hour. 

The oral temperature was taken by means of the usual clinical 
thermometer. Rectal and axillary temperatures were recorded by 
means of electric recording thermometers Temperature readings 
of other tissues were made by means of thermocouples Tempera- 
tures were recorded every fifteen minutes Liver temperatures 
were taken by plunging the hypodermic thermocouple through 
the intercostal tissues into the liver Anterior urethral tempera- 

” Boak R, A , Carpenter, C M , and Warreo, S. L. Studies on the 
logical Effects of Fever Temperatures The Thermal Death Time of Tre- 
ponema Pallidum m Vitro with ^«cial Reference to Fever Temperatures 
J Exp Med 56 741 1932 
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tures were taken by passing a thermocouple, made from a urethral 
catheter, into the urethra A thermocouple was inserted in the 
region of Hunter’s canal to secure temperatures in the depths of 
the thigh. The superficial temperatures of the cheek, neck, skin, 
thigh, forearm, forehead, and groin were made by inserting the 
couple into the subcutaneous layers of these areas. 



Fig 231 Complete temperature record of an individual patient {From 
Neymann and Osborne Am J Sypb. and Neur 18 28 1934 ) 


Table 64 summarizes the average temperatures of the various 
regions The temperature of the various regions was recorded for 
approximately each degree change in rectal temperature Each 
temperature recorded in the table was the average of the number 
of observations made The more difficult and dangerous regions 
fo study were measured less frequently than the more accessible 
regions 

Figure 231 gives the complete temperature record of an indi- 
vidual patient The rectal temperature was maintained at 108® F,, 
or above, four hours. For one half hour of this period, the rectal 
temperature was maintained at 108 5® F. The subcutaneous tern- 


CoiiPABATivE Average Body Teuteratures During HvrERpyREYiA 
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perature was lowest throughout the induction and the main- 
tenance of the fever, averaging one to three degrees Fahrenheit 
below the rectal temperature. Similar results were obtained in the 
rest of the series of patients when internal heating was employed 
as the method of producing fever. 

Table 64 shows how widely the temperature of various parts 
of the body varies imder resting conditions before the application 
of heat. Moreover, in spite of the application of heat sufficient in 
amount to elevate the rectal temperature of the patient several 
degrees, the temprature gradients were not completely obliterated. 
Although uniformity of temperature of the various tissues was 
not realized, the difference in temperature became less pro- 
nounced. After the rectal temperature of 103.3 F. had been 
reached, the temperature of the liver exceeded that of all other 
regions. The temperature of the deep muscles of the thigh, how- 
ever, approached closely that of the liver. For a while the 
temperature of the cistema magna lagged somewhat behind that 
of the lumbar spine, but finally reached equilibrium with it. The 
oral temperature was lower t^n the rectal temperature, but as 
already pointed out, oral temperatures are unreliable once a high 
temperature is reached. The subcutaneous temperatures were 
lowest; this is what was to be expected since internal heat was 
used to induce the fever. The anterior urethral temperature, 
according to Osborne,” exhibited a rather interesting cj^e. The 
temperature would gradually rise to a peak temperature and then 
quickly return to a lower level. This was repeated often and 
appeared to have a definite periodicity. Initially the anterior 
urethral temperature was next to the lowest of those measured. 
The subcutaneous temperature of the forearm lagged behind the 
majority of the tissue temperature measurements. 

In Fig. 232 the skin and axillary temperatures are plotted 
against the rectal temperature, which is used as a reference 
temperature. In this way, the rdationship between the various 
body temperatures is far more easily recognized than in the usual 

“ Osborne, S L : Physiology of Hyperpyrexia, Dissertation for Doctorate, 
Northwestern University, Evanston, 1940 
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found that the initial metabolic rates obtained on each patient 
before the start of fever therapy, on each treatment day, fluctuated 
from IS to 35 per cent. He also reported that four of the seven 
patients showed greater variations than the usually accepted 
10 per cent. He attributed this to the restricted early morning 
meal which his patients received Neymann and Osborne state 
their patients received no food. The question arises whether, in 
spite of their precautions, their patients were in a basal condition, 
or whether the basal metabolic rate of the general paretic might 
not differ from that of the normal individual. 

Kopp found an increase in the basal metabolism of his patients 
of 7 to 14 per cent for each degree Fahrenheit rise of body 
temperature. The patients studied by Neymann and Osborne 
showed an average of 7 per cent per degree Fahrenheit rise of 
'body temperature Du Bois” found a similar increase for his 
'patients with an infectious fever. He called attention to the fact 
that the increase of metabolism with increased temperatures fol- 
ows Van Hoff’s Law He states that for ordinary temperatures 
his law can be expressed as follows: “With a rise of temperature 
)f 10® C., the velocity of chemical reactions increases between 
\ and 3 times. In other words, the coefficient is between 2 and 3.” 
'ie further states that for practically all of the fever experiments 
he coefficient is within these limits, the average being 2 3. 

The coefficient referred to is the ratio of the velocity constant 
it the higher temperature to that at the lower temperature. This 
coefficient is represented by the letter Q. If the difference in 
emperature is 10® C , the coeffident is written Qm.* 

i “DuBois, E F Metabolism in Fever, J A MJt 77 352 1921 
* Effect of Temperature on Reaction Velocity Arrhenius showed that the 
late of change of the natural logarithm of the wlocity constant of a chemical 
eaclion with respect to temperature is inversely proportional to the square 
it the absolute temperature Expressed m the fonn of a differential equation 
/dT (log. K) = E/R • I/T*; m which K is the velocity constant at the 
;,bsoIute temperature T, R is the gas constant, and E a constant. If we let C, 
constant, represent E/R, we have 

d(log.K)=sC/rdT 

tegrating this equation, 

log, K = — C/T + A, in which A is a constant of integration 
If T = T«, K = Kij and if T =s T», K = Ki. 
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temperature (dotted line, Fig 232) rises more rapidly than do 
the skin or axillary temperatures The total absence of parallelism 
between the various temperature curves indicates that marked 
disruption of the normal temperature gradients results during 
fever produced by external heat Even though the disruption may 
obtain during the induction period only, it must be kept in mind 
that this period is of great importance and that the reaction of 
the patient during this time may determine whether or not the 
treatment can be carried to a successful conclusion 


III The Effect of Hyperpyrexia on Basal Metabolism 
The studies of Burton,** Kopp,** Neymann and Osborne,®* and 
Osborne** are the only reports on the effect of artificial fever on 
the basal metabolic rate of patients while undergoing treatment 
Nasset, Bishop, and Warren,** andNasset** made a comprehensive 
study of basal metabolism m dogs while using high frequency 
current to raise body temperature 
Osborne®* repotted there was an appreciable increase in the 
metabolic rate when a rectal temperature of 105® F was reached 
He reported an average increase in basal metabolism of 7 per 
cent for each degree of temperature rise through the range 
98 6® F to 105® F In four of eleven determinations, basal rate 
exceeded the usual dr deviation of 10 to 15 per cent Repeated 
determinations made over several days might have shown these 
readings to be within the variability of these subjects Kopp 


"Burton A C Human Calonmetiy The Average Temperalure of the 
Tissues of Ihe Body J NutnUon 9 261 1935 
"Kopp I Metabolic Rales in Therapeutic Fever Am. J Med Sci 
190 491 1935 

" Neymann C A and Osborne S L The Physiology of Electropyrexia 
Am J Syph & Neurol 18 28 1954 

" Osborne S L Physiology of Hyperpyrexia Dissertation for Doctorate 
Northwestern University Evanston 1940 
" Nasset E. S Bishop F W and Warren S L Physiological Effects of 
High Frequency Current Am. J Hiysiol 96 1937 , „ t- 

** Nasset E S Physiological Effects of High Frequency Current II Fur 
tier Studies on Respiration Metabol sm of Anesthetiaed Dogs Am J Physiol 

Osborne S L Physiology of Hyperpyrexia Dissertation for Doctorate 
Northwestern University Evanston 1940 
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found that the initial metabolic rates obtained on each patient 
before the start of fever therapy, on each treatment day, fluctuated 
from IS to 35 per cent He also reported that four of the seven 
patients showed greater variations than the usually accepted 
10 per cent. He attributed this to the restricted early morning 
meal which his patients received Neymann and Osborne state 
their patients received no food The question arises whether, in 
spite of their precautions, their patients were in a basal condition, 
or whether the basal metabolic rate of riie general paretic might 
not differ from that of the normal individual. 

Kopp found an increase in the basal metabolism of his patients 
of 7 to 14 per cent for each degree Fahrenheit rise of body 
temperature The patients studied by Neymann and Osborne 
showed an average of 7 per cent per degree Fahrenheit rise of 
body temperature Du Bois** found a simDar increase for his 
patients with an infectious fever He called attention to the fact 
that the increase of metabolism with increased temperatures fol- 
lows Van Hoff’s Law He stales that for ordinary temperatures 
this law can be expressed as follows: "With a rise of temperature 
of 10* C., the veloaty of chemical reactions increases between 
2 and 3 times In other words, the coefficient is between 2 and 3 ” 
He further states that for practically all of the fever experiments 
the coefficient is within these limits, the average being 2 3 
The coefficient referred to is the ratio of the velocity constant 
at the higher temperature to that at the lower temperature This 
coefficient is represented by the letter Q If the difference in 
temperature is 10* C , the coefficient is written Q,o * 

“DuBojs, E F Metabolism in Fever, JAJLA. 77 352 1921 
• Effect of Temperature on Reaction Velocity Arrhenius showed that the 
rate of change of the natural logantbm of the velocity constant of a chemical 
reaction with respect to temperature is inversely proportional to the square 
of the absolute temperature Expressed in the form of a differential equation 
d/dT (log, K) := E/R • 1 /T, in which K is the velocity constant at the 
absolute temperature T, R is the gas constant, and E a constant. If we let C, 
a constant, represent E/R, we have 

d(log.K)=C/rdT 

Integrating this equation, 

log. K = — C/T + A, in which A IS a constant of mtegrafion 
If T = Ti, K = Kj; and il T 5= Ti, K = Ki. 
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Nasset,®^ producing artifiaal fever m dogs, was unable to 
obtain the Du Bois temperature coefficient (Qu) of 2 3 when he 
substituted in the formula the data obtained from his experiments 
He used a Q,o = 2 64 in attempting to account for a portion of 
the heat production of their animals Similar values can be 
obtained from the data of others who used hot air or hot water 
to elevate the body temperature The results of McConnell, 
Yogloglou, and Fulton” show that on exposure to hot, humid air, 
the oxygen consumption was in many cases excessively high, giv- 
ing some Qi 9 values as high as 49 2 Plaut and Willbrand” report 

"Naisel, E S Physiological Effects of High Frequency Current IL 
Further Studies on Respirattoa Metabobsm of Anesthetized Dogs, Ant J 
Physiol 101 194 1932 

"McConnell, W J.Vogloglou C P, and Fulton, W G Basal Metabolism 
Before and After Exposure to High Temperatum and Various Humidities 
Public Health Report. 39 3075 1925 

"Plaut, R , and Willbrand, E ZurPbysiologie des Scbwiteens Zeitschr f 
Biol 74 191 1922 


Then 

log. K. = -C/T. + A, and log. K. = -C/T, + A 
From these we obtain 

log, K. - log. K. * C (lA* - J/T.) 
or log. K»/Ki = C (lA* “ 1 A») 

If T, — T» = 10*, the ratio K»/K» is represented by Q«. Then log, Qw = 
C 10A> Ti From the preceding equation, we obtain for the constant C 
C = [T.T./(T, - T.)] log. K^/Ki 

Substituting this value for C in the equation fox log.Q,. we obtain 
log. Q . = [10/(T> — T.)] log. Ks/Ki, or, changing to common logarithms, 

logi.Qif= [IO/(Ti — T»)3 (logiiKi — 'logwKj) 

Example Assuming for Qi. the value 23, compute Qi, Q> Q. Q., etc to Q.- 
Solution log K,/Ki = log Q 

Then log Q . = [JO/(T, - T.)] log Q 
From this log Q = [(T» — T»)/»3 foB Q« 

= [A>-T0/«]Iog2 3 
= 3«7A»-T.)/- 
= 036Cr*-T.) 

Since Q = K./K> K« = Q The increase m the velocity constant as tern 
perature nses is K. - K. = K. Q - K. = Ki {Q - 1) The per cent increase 
IS [K. (Q - I)A>] X 100% = Q - 1 X 100% Using this expression tie 
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an expenment on n human subject from which a Q,o =13 4 may 
be calculated Nasset concluded that increased pulmonary ventda 



Fig 233 Per cent increase in vcloaty constant as a fvmction of 
temperature nse m degrees centigrade 

per cent mcrease in reaction vdoaty was calculated for vanous temperature 
increa'es and recorded in the following table 
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tion was probably the factor largely responsible for the high heat 
production in his experiments K.opp*® expressed a similar view 
Burton** states that the rectal temperature at no time represents 
the true average temperature of the body He is of the opinion 
that many of the contradictory results in this field are due to the 
inadequacy of the rectal temperature to represent the true average 
temperature of the active tissues Burton uses the following 
formiiH tor obtaining the average body temperature Average 
temperature =s O 65 X rectal temperature -}- 0 35 X average sur 
face temperature 

"Kopp I Metabolic Rates in TTicrapeutic Fever Am J Med Sci 
190 m 193S 

“Burton A. C Human Calonmetry The Average Temperature of the 
Tissues 0/ the Body J Nulnlioa 9 261 1935 
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In Fig 233 per cent increase in the velocity constant is plotted aga nst 
temperature rise in degrees centigrade. It should be noted that the rate 
of increase in the velocity of reaction does not increase Imeaily with tempera 
tute nse However m the range 0 to 3" C corresponding to 0 to 6® F ap- 
proximately thi curve is practically a straight line Therefore average in 
crease in metabolism as computed iy Neytnann and Osborne and others per 
degree nse dunng artificial fever is sufficiently close for all practical purposes 
According to tie graph (he average increase in reaction velocity per degree 
centigrade nse is 13 3 This is found by determining the area in terms of per 
cent degrees under the curve between the ordmates at o and 3 and dividing 
this value by the range of 3 degrees The average per cent increase m reaction 
velocity of 13 3 per degree centigrade corresponds approximately to 5/9 X 
J3 3 or 7 4 per degree Fahrenhe L Nqrmann and Osborne s value of 7 per cent 
agrees well with this value of 7 4 per cent 
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IV The Effect of Hyperpyrexia on the Electrocam)IO> 
GRAM The effect of hyperpyrexia on the electrocardiogram has 
received very Utile attention Wiggers and Oreas” m 1932, how 
ever, reported some animal experimentation Neymann and 
Osborne®* in 1931 reported a summary of an electrocardiographic 
study they made while treating patients with dementia paralytica 
but details of the study were not provided Bishop Horton, and 
Warren** in 1932 stated that the electrocardiogram shows some 
changes, but that the interpretation is not clear The first, and so 
far as the literature shows, the only complete study of this 
important phase of hyperpyrexia appeared in 1936 This work 
was done by Vesell and Bierman ** In 1936 Neymann, Blatt, and 
Osborne®* published an electrocardiographic tracing of a patient 
before and after treatment for chorea, complicated with rheumatic 
carditis The electrocardiogram showed improvement after the 
treatments Osborne, Blatt and Neymann*’ m 1938 reported that 
artificial fever does not adversely affect the normal heart or the 
cardiovascular system Huddleston, Baldes and Krusen** reported 
a study of seven normal subjects and four patients on whom they 
recorded electrocardiograms and optical polygrams simultaneously 
at various intervals during hyperpyrexia treatments 

“ Wiggers C J and Oreas O Ciiculalion Changes During Hyperthermia 
Produced by Short Radio Waves (Radiolherima) Am. J Med Sci 
100 614 1932 

“ Neymann C A and Osborne S L. The Treatment of Dementia Para 
lytica with Hyperpyrexia Produced by D athermy JAM A 96 7 1931 

** Bishop F W Horton C B and Warren SLA Clinical Study of 
Art ficial Hyperthermia Induced by High Frequency Current Am J Med 
Sci 184 S15 1932 

• Vesell H and Bierman W The EJcctrocard ogram m Fever Changes 
m Induced Hyperpyrexia Am. J Med Scl 191 484 1936 

"Neymann C A Blatt M L and Osborne S L The Treatment of 
Chorea Mmor by means of Efectropyrexia JAMA. 107 938 1936 

** Osborne S L. Blatt M L and Neymann C A Electropyrexia in Rheu 
matic Carditis Chorea, and Certain Other ChJdhood Diseases Pbysioth Rev 
18 68 1939 

" Huddleston 0 L Baldes E J and Krusen F Studies on the Cardiac 
Activity of Human Subjects During Artificial Hyperpyrexia Proceed Am 
Physiol Soc 126 540 1939 
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In 1934 Maher and Osborne** made a study of the electro- 
cardiographic changes occurring during and following hyper- 
pyrexia, in an attempt to evaluate the effects and possible hazards 
of the treatment upon the heart. Their twelve patients showed a 
normal sinus mechanism before treatment, and this mechanism 
remained unchanged in all cases No arrhythmia was produced as 
a result of the high temperature Clinically, extrasystoles were 
not detected, nor were they recorded electrocardiographically In 
one case, paroxysmal auricular fibrillation occurred previous to 
treatment. The presence of the paroxysm was noted clinically, 
and verified after the electrocardiographic records were studied 
the following day. The first few records taken during the initial 
temperature rise showed the arrhythmia, but all records subse- 
quent to a temperature of 102® F. were those of a normal sinus 
mechanism. 

Chart I gives the complete cardiographic findings of this 
patient. Chart II, of another patient, is also presented because 
of the interesting change in axis deviation 

CHART I 

Record o) Patient F. Age 64 years 
Dtagnosit 

1. Chronic infectious arthntis 

2. Cardiac Functional Class IIA > 

Analomtc Generalized Arteriosclerosis 

Cardiac hypertrophy 
Aortic sclerosis 
Physiologic 

Sinus mechanism 
Auncular fibnllation 
Electrocardtographic Findings 

Disappearance of Auricular Fibrillation at a Rectal Tempera 
ture of 101 8® F. 

Blectrocardiogrant No I was taken just pnot to startmg the fever 

"Maher, C , and Osborne, S L Unpublished data. 
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therapy. It shows an auricular fibnllation with a rate of 150. The 
QRS complexes are slightly slurred in all leads. The T*waves are 
upright in Lead I and apparently diphasic in Leads II and III. The 
axis deviation is normal. 

Electrocardiogram No. II was taken one hour after initiating fever 
therapy. Temperature was 100.3® F. The patient still had an auricular 
fibrillation with a rate of 170 The slurring of the QRS complexes was 
approximately the same. There was a slight tendency to ri^t axis 
deviaUon. The T waves were of the same contour. There were four 
beats in Lead I which show a greater amount of slumng and notching 
than the other beats 

Electrocardiogram No III was taken one hour and thirty minutes after 
the onset of the treatment. Temperature was 101° F. The fibrillation 
was still present, rate being 170 The voltage was approximately 50 
per cent of the original. The slumng was the same and the contour of 
the T waves was unchanged 

Electrocardtogram No. IV was taken two hours after the beginning of 
treatment. Temperature was 101.8® F The auricular fibrillation had 
disappeared and bad been replaced by a normal sinus mechanism hav- 
ing a rate of 210. The T waves were upright m Lead 1, blunted m 
Lead II, and fiat in Lead m. Tbe F-R interval was 0 20 seconds 
The slurring was about tbe same Tbe voltage was about 50 per cent 
of the normal. 

Electrocardiogram No. V was taken two hours and thirty minutes after 
the beginning of the treatment. Temperature was 103° F. The sinus 
mechanism was still present with a rate of 90. The curve was the 
same as Number IV. 

Electrocardiogram No VI was taken at about two hours and forty 
minutes after the onset of treatment Temperature was 104® F. It was 
practically the same as No, V with a rate of 100 

Electrocardiogram No. VII was taken three hours and fifteen minutes 
after the onset of the treatment Tbe rate was 90. There was a mild 
right axis deviation. The T waves were changed in contour in Lead I 
with a slightly convex RT segment They were upright in Lead II and 
diphasic in Lead III The slurring of the QRS complexes was approxi- 
mately the same. 

Electrocardiogram No VIII was taken four hours after the beginning 
of treatment and one hour after treatment bad been discontinued. 
There was a definite right aas deviation with lower voltage in Lead I. 
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The T waves were almost isoelectric in Lead I, blunted m Lead II, 
and blunted in Lead III. The slurring of the QRS complexes was 
the same. 

Electrocardiogram No IX was taken five hours after the beginning of 
the treatment and two hours after discontinuance. It was practically 
the same as curve No. VIII. 

Electrocardiogram No, X was taken about two hours and a half after 
treatment was discontinued It shows a normal axis deviation The 
P-R interval was 0.20 seconds TTie T waves were upright in Leads 
I and 11, and blunted in Lead 111. The voltage was approximately 
normal, and the slurring of the QRS complexes was about the same 
ElectrocardiogrofTt No XI was taken seven hours after the discontmu 
ance of treatment. It showed a normal axis deviation. The P-R inter- 
val was 0 20 seconds There was a sbght slurring m the QRS com- 
plexes in all leads The T waves were upright in all leads 
Summary: It would appear that this patient developed an auricular 
fibrillation before the treatment was started, and an emotional upset 
is the only factor to account for this The fibrillation disappeared 
when the temperature reached 102* F. and did not recur during this 
or subsequent treatments. There was a definite change in axis devia- 
tion. There were many changes in the T waves. 


CHART II 


Record o} Patiewl D 
Diagnosis: 

Etiolo^'c — syphilis 
Anatomic — ^Aortitfe 
Physiologic — Suras mechanian 
Functional — Class llA 
Electrocardiogram No. I (Control) 

Rate 100 

Rhythm — Sinus mecharasm 

F-R Interval— ^ 
Slurred near the base fine in Lead II and slurred in the down 

stroke in Lead IH. . , . # 

r IS-roo-Upright in Uads I, n, and HI mti a slight elevation of 

the RT segment in Lead II. 

Blood Pressure — ^Terap 994 F. 
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Electrocardtogram No II Shows no change whatsoever Blood Pressure 
104/70 Temp 100 9® F 

Electrocardiogram No III This curve showed about a IS per cent 
decrease in the voltage Otherwise no change Temp 101 5® F Blood 
Pressure 110/88 

Electrocardiogram No IV This curve showed the greatest decrease m 
voltage m Lead III Otherwise the curve remained practically the 
same Temp 102 6® F Blood Pressure 130/88 
Electrocardiogram No V This was practically the same as curve No 
IV Temp 103 7® F Blood Pressure 126/80 
Electrocardiogram A 0 VI The same as No V Temp 104 S® F Blood 
Pressure 108/74 

Electrocardiogram No VII This curve showed a sli^t blunting of 
the T waves m Leads I and II There was a suggestive change m 
I^ad in of a Q wave Temp 104 4® F Blood Pressure 108/78 
Beclrocardwgram No VIII The voltage was decreased about 25 per 
cent There was still a very small Q wave m Lead III The voltage 
was quite low Temp 104 5® F Blood Pressure 108/74 
Electrocardiogram No IX Same as No VIII Temp 104 J® F Blood 
Pressure 104/74 

EieciTocardiogram No X The same as No VTITandlN Temp 104 5® 
F Blood Pressure 104/74 

Electrocardiogram No XI The voltage was decreased about 30 per 
cent, most marked m Lead in The T waves showed some blunting 
Temp 104 5® F Blood Pressure 108/74 
Electrocardiogram No XII There was almost a 50 per cent decrease 
m the voltage Temp 101 5® F Blood Pressure 104/74 
Electrocardiogram No XIII This curve showed a marked diange m 
voltage Right axis deviation appeared with a diphasic complex m 
Lead I, small upright complex m Lead 11, and an upright complex 
m Lead III which was higher than that of Lead II The T waves 
were upright but blunted There was a very small Q wave in Lead III 
and the voltage was higher Temp 101 1® F Blood Pressure 104/74 
ElerJrDcardsogroMNo XJV The xigbt axis devjatiDD was still pjesent — 
otherwise no change Temp 98 6® F Blood Pressure 108/80 The 
electrocardiogram was taken 2 hours after return of normal tempera 
ture 

Electrocardiogram No XV Tins curve showed a normal axis deviation 
and the curve was practically the same as that of the controL It was 
taken 4 hours after return of nonnal temperature 
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EUctrocardiogram No XVI Tins was essentially the same as the control, 
except the voltage was somewhat less in Lead III It was taken the 
following morning, 26 hours after taking first, or control, electrocardio 
gram 

Summary The outstanding diange in this case was the change in the 
axis deviation There was a moderate change in voltage The T waves 
were slightly blunted There was a suggestive Q wave in Lead III 

The conduction time from auricles to ventricles was normal 
m all twelve cases, namely, 016 to 0 20 seconds, and remained 
so throughout the entire period of treatment 
The QRS complexes showed no change in time interval in any 
patient The time intervals were all within 0 10 second During 
the fever, the height of the QRS complexes progressively de 
creased The decrease seemed to be m direct proportion to the 
degree of perspiration The perspiration, it was thought, provided 
a low resistance path over the skin from one arm lead to the 
other, resulting m a lowered potential difference Therefore 
Maher and Osborne used surgical needles to replace the usual arm 
electrodes The needles were inserted just beneath the skin of the 
chest about four inches apart, one on each side of the sternum 
The leg electrode was applied in the usual way Because of the 
greater distance between this electrode and the chest electrode, 
leakage of current over the skin between the leg electrode and 
the other electrodes was negligible This evidently solved the 
problem, for all subsequent electrocardiograms failed to show 
the former progressive decrease in the amplitude of the QRS 
complexes 

Regarding electrocardiographic changes during fever therapy 
Vesell and Biermatf" stale 

The alterations of electrocardiographic waves were not uniform P 
and T waves were almost as frequently increased m size as decreased 
The R wave, however, most often became smaller and the P R and QRS 
intervals iti most instances shortened The RT level was usually de 

"Vesell H. and Biermao W The Electrocardiogram in Fever Changes m 
Induced Hyperpyrexia Am. J Med Sci 101 484 1936 
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pressed, never elevated Of cpeaal significance was the transformation of 
several normal amplitudes or intervals to abnormal ones as well as the 
reverse This involved particularly the R and T amplitudes Worthy of 
mention is the development of a prominent Q* in one instance 

In conclusion these investigators state that “fever produced 
no harmful effects upon the heart ” 

According to Bishop, Horton, and Warren” electrocardiograms 
show the decrease m voltage of the action currents of the heart 
consistent with a low blood pressure Huddleston, Baldes, and 
Krusen’* reported that the electrocardiograms showed a dis 
appearance of sinus arrhythmia and a reduction of the conduction 
time or PR interval The findings of Maher and Osborne^* are 
essentially in accord with these investigations, for they too ob 
served no changes in the intrinsic physiology of the heart 

V The Effect of Hyperpyrexia on the Blood and Cmcu 
LATiON JSIood pH Several reports have appeared on the effect 
of an elevation of body temperature on the pH of the blood Hag 
gard” in 1920 experimenting on himself, found a distinct lowering 
of the CO 2 tension after twenty minutes m a very hot bath As no 
corresponding fall in the COj-combining power of the blood was 
found, be suggested that a change in the reaction of the blood 
had taken place This suggestion was verified by the direct meas 
urements of Koehler’* in 1923 He showed that the acid base 
equilibrium shifted toward the alkalme side not only durmg acute 
clinical fevers, but also during 3 ‘pure thermic fever” as he 

" Bishop F W Horton C B and Warren SLA Clinical Study of 
Artificial Hyperthermia Induced by High Frequency Current Am J Sled 
Sci 184 SIS 1932 

” Huddleston 0 L Baldes E. J and Kmsen F Studies on the Cardiac 
AcUvity of Human Subjects During Artifiaal Hyperpyrexia Proc Am 
Physiol Soc 126 S40 1939 

”3/aher C and Osborne S L Ihipabbshed Data 

" Haggard H W Hemato respiratory Functions The Alteration of the 
Carbon Dioxide m the Blood Durmg Elevation of Body Temperature J Biol 
Chem 44 131 1920 

" Koehler A B Acid base Equilibnuin. I Clinical Studies m Alkalosis 
Arch Int Med 31 S90 1923 
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designated it He secured his ‘ thermic fever by immersing the 
subjects m a hot bath for a maximum period of thirty seven 
minutes The resulting oral temperature ranged from 103 2° F 
to lOS 3° F , and the blood pH changed from a minimum of 7 365 
to a maximum of 7 6QS In the same year Cajon, Crouter, and 
Pemberton^* studied the effect of heat on acid base balance They 
exposed fifteen subjects to the heat of an electric light cabinet, 
from which only the head protruded The subjects were exposed 
to the radiant heat for a period of forty to fifty minutes, but 
neither oral nor rectal temperatures were recorded The tempera 
ture of the skin reached 120® F to 130® F after twenty minutes 
The pH values at the height of the temperature ranged from 7 24 
to 7 55, representing an increase ranging from 0 03 to 0 26 Other 
investigators have reported nses in pH of the blood associated 
with artificial fever, the final values of pH ranging from 7 43 to 

•j •jii ri T» •< 81 

The observations just referred to were for the most part carried 
out on normal individuals In the majority of the cases the fever 
attained was not held for any appreciable period of time Osborne 
therefore thought it advisable to study pH changes of the blood of 
actual patients while undergoing fever therapy ** 

Thirty three expenmenls were performed using the Dole glass 
electrode and Coleman Potentiometer Table 65 gives a complete 


" Cajon F A Cioutei C Y and Pembeiton R Effects o{ Heat on 
Acid base Balance J Biol Cbem 57 217 1923 
" Biscboff F Long M L and HiU E Acid Base Equ libnum in Hyper 
thermia Induced by Short Radio Waves J Biol Cbeifl 90 371 1931 
” Bischoff F UJIraan H J HiU E and Lonj M L Stud es m Hyper 
thermia Induced by the High Frequency Electric Current J Biol Chem 
85 675 1930 

" Danielson W N and R M Stecher Acid Base Balance of Blood in 
Hypertbennia Proc Soc Eap Biol &Med 32 1015 1935 
•Hopkins H Chemical Changes m the Blood Induced by Hypeipyie»al 
Baths Arch Neuro & Psych 51 597 1934 
“Landis E M Long W H Dunn J W Jackson C L and Meyer W 
Studies on the Effects of Baths on Man Am J Physiol 76 35 1926 
“ Osborne S L. Physiology of Hyperpyrexia D s'ertat on for the Doc 
torate Northwestern University Evanston 1940 
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summary of his data, and Table 66 gives a summary of observa* 
tions made by various investigators. 

It is apparent that artificial fever produces a significant eleva- 
tion of the blood pH. The average pH value of 7 55 found at a 
temperature of 104® F. indicates a state of uncompensated alka- 
losis. Hartman” in discussing a paper by Lepore at the Fifth 
Annual Fever Conference, stated that he had determined the pH 


TABLE 65 

ErrzcT Of nvpERPYRtaciA O'* Biood pH 



Xtinimiim 

Maximum 

A\erage of 
33 Deter 

minaUons 

2rrDlff 

Increase 
over Control 
Period 

Control Period 

7 30-7 52 

7 4, 

0 01 

0 

By 


7 55 

0 038 





0 0396 

0 11 

After Return to 
Initial Temper 
ature 

7 32-7 51 

7 415 

0 025 

0 003 


of the blood of twelve patients electrometrically and found a 
marked alkalosis in all of them The loss of carbon dioxide by the 
body through the lungs and sweat during the fever is undoubtedly 
largely responsible for increasing the alkalmity of the blood 
Through the skin, too, there is a carbon dioxide loss of some 
importance, as was previously discussed in Section Five. Koehler 
is of the opinion there is a direct correlation between cyanosis and 
certain types of alkalosis 31ild cyanosis is not an uncommon 
occurrence in fever therapy. Koehler believes that fever alkalosis 
is due to increased lung ventilation and the rapid elimination of 
carbon dioxide from the blood, thus causing a carbon dioxide 

"Harlman, F W Abstract & Papers & Discu«sion Fifth Annual Fe\er 
Conference, Dayton, Ohio, 1935 
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deficit, which in turn results in the passage of sodium ions into the 
tissue fluids and partially into the urine. Landis and his col- 
laborators do not believe that hyperventilation is the sole cause of 
the pH change, but that it is dependent on several factors, such 
as the functioning of the kidneys, the degree of sweating, and the 
formation of lactic acid. 

Bischoff, UUmann, Hill, and Long** do not agree with Koehler 
that an anoxemia exists in the presence of a fever alkalosis. As a 
result of the lowered carbon dioxide tension in the blood and the 
increased pH, the stability of the oxyhemoglobin increases If the 
circulation and the metabolism did not increase concurrently, the 
question would be quite simple. With an increase in circulation, 
however, the tissues are exposed to more blood per unit of time 
so that the effect of the hemoglobin stability might be offset if the 
demand for more oxygen due to increased metabolism were not 
too great. 

It would seem logical, as we have pointed out in Section Five, 
that if rebreathing is employed to counteract hyperventilation, 
failure of treatment due to hyperventnation may be prevented. 

Specific Gravity of the Blood. Several investigations on the 
effect of fever on hemoconcenlration have been made, chiefly on 
animals but a few on human beings; none, however, under com- 
parable conditions. Observed blood changes®* have frequently 
been explained as due to a concentration phenomena. According 
to Howell*® the specific gravity of human blood may vary from 
1.041 to 1.067, the average being LOSS. All of Osborne’s deter- 
minations, Table 67, came within this range.*^ Gibson and Kopp*® 

“ Biscboff, F , t ntmann H J , HiH, E , and Long, M L : Studies in Hyper- 
thennu Induced by the High Frequency Electnc Cunent J Biol. Chem 
8S 67S 1930 

* Neymann, C A , and Osborne, S L The Treatment of Dementia Para- 
lytica -with Hyperpyrexia Produced by Dialhcnny JAMA 96.7.1931 

“Howell, W H . Textbook of PIqrsiology, Ed. 13 W. B Saunders Co , 
Philadelphia, 1943. 

"Osborne, S L.; Hyperpyrexia and the Specific Gravity of Blood. Arch 
Phys.Tberap 22 407-1941. 

" Gibson, J G , and Kopp, I Studies in the Physiology of Artificial Fever 
Changes m the Blood Volume and Wafer Balance J Clin Invest 17 219 1938 
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State that one of the major physiologic effects of artificial fever 
induced by physical means is a diminution in circulating blood 
volume. They state that the degree of reduction in plasma volume 
is determined by the difference in rale of outflow from skin, lungs, 
and kidneys, and of effective absorption of fluids administered 
If insufficient fluids are given, the tissue fluids of the body are 
drawn upon for the maintenance of plasma volume; this results 
in dehydration Undoubtedly, the blood density will be dependent 


TABLE 67 


Ewect op lIVFERrYSEinA tr* the Specikc Cravitv Of BtOOD 



Elap«ed 

Ticoe 

Hours 

Average 

Value 

2<r 

Differ 
cace ± 

Change ± 
From 
Control 

No of 
Observa 
tions 

Initial (Control) 

0 

1 0536 

_ 


30 

IM’F 


1 0555 

0 0018 

0 0019 


IM 6T 

6 

I 0552 

0 0018 

0 0016 


Initial (Return to 
oontrol level) 

* 

1 OM 

0 002 

0 0008 



upon the balance of fluid loss and fluid gain, and one might 
readily criticize Osborne’s work in that he did not control these 
variables But be stated that fluids were given, as to quantity and 
rate, according to his judgment of the patient’s need He was 
interested, primarily, in ascertaining changes in hemoconcentra- 
tion under the conditions of the therapeutic regime In the thirty 
determinations of the spedflc gravity of the blood, no significant 
changes were found Apparently hemoconcentration is not the 
mechanism involved to account for the changes occurring m the 
blood ceii couat when Mds art administered during the course 
of treatment. 

The rale and degree of fluid absorption undoubtedly are not 
the same for all patients Furthermore, the rate of perspiration 
varies not only from patient to patient, but with the same patient 
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from treatment to treatment ** Gibson and Kopp*® state that water 
may pass out of the blood stream more rapidly than it can be 
absorbed from the intestinal tract, and this fact has an important 
bearing on the determination of the optimal rate of fluid admin- 
istration. It is also interesting to note that they found a direct 
relationship between the gross water loss and the environmental 
temperature of the patient, “nie water loss was greatest in those 
cases in which the differential temperature between the patient’s 
body and his environment was highest, and least in those cases in 
which it was lowest. This observation is in agreement with the 
observation of Osborne (p 660). The environmental temperature 
of his patients, once the temperature plateau was reached, was 
usually below that of the rectum, or at the same level. This 
temperature was lower, somewhat, than the lowest recorded by 
Gibson and Kopp, and may account for the insignificant changes 
which Osborne found in the specific gravity of the blood 

The Eemogram CaiUet and Simonds*’ subjected mice to dry 
heat at 60^ C. at intervals of ten days and found a marked 
leukopenia followed by a marked rise m the number of white 
cells soon after the heating The number of white cells reached a 
maximum ten to fourteen days later. 

Knudson and Schaible,** working with dogs, found a consider- 
able increase in red cells and hemoglobin They stated they found 
a marked increase in total white cells, due to an absolute and 
relative increase in the polymorphonudears The lymphocytes and 
eosinophiles were decreased, but changes in the monocytes were 
less marked and less constant. 

•• Neymann, C A., and Osbonie, S L . The Physiology of Electropyrexia, 
Am J Syph & Neurol 18 28 1984 

"Gibson, J G,andKoKJ, I Studies in the Physiology of Artificial Fever 

I Changes m the Blood Volume and Water Balance, J CIm Invest, 
17 219 1938 

" Caillet, O R., and Siraonds, J P ' Repeated Exposuce tn High Tempera- 
tures, Arch Pathol 8 622 1927 

"Hudson, A., and Schaible, P J ' Physiological and Biochemical Changes 
Resulting from Exposure to an Ultra High Frequency Field Arch. Path 

II 728 1933 
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On the other hand, Hmsie and Carpenter” found a slight re 
duction in red blood cells as well as a decrease in hemoglobin An 
increase of polymorphonuclears and a relative decrease in lympho 
cytes were found Hmsie and Blalock** reported a seventy five 
per cent increase in the leukocyte count, which usually reached its 
peak at the end of the ninth hour, regaining its normal level at 
the end of about twenty hours The leukocytosis, they stated was 
characterized by an increase in the percentage of polymorpho 
nuclears at the expense, chiefly, of the lymphocytes They also 
found an increase m the non filamentous forms Tenny®’ made 
similar observations 

Feinberg, Osborne, and Steinberg” reported an average increase 
of red blood cells Eighteen cases showed an increase of leuko 
cytes, neutrophilic polymorphonuclears, and transitional cells 
They also demonstrated a decrease in the eosmophile cells This 
investigation was made entirely on asthmatics 
Perkins'® made a study on general paretics, giving each patient 
ten consecutive fever treatments during a period of two weeks 
Each patient's temperature curve was made no simulate that of 
a malarial fever He concluded that the only effect of the treat 
ment on the red cell count was to lessen the lability of the cells 
which characterized them prior to treatment The leukocj-tosis 
persisted for three days 

Bierman" found a reduction of twenty to thirty per cent m the 
leukocyte count during the first two hours of fever induction 
This initial decrease was followed by a leukocytosis which reached 

" Hinsie L. E. and Carpenter C M RadiotHenn Treatment of General 
Paralysis PsychiaU Quart S ZlS 1931 
*• Hmsie L E. and Blalock J R Leucocytes in General Paralysis Treated 
by Radiothenny Psychiat Quart. 5 432 1931 
"Tenny C F Artificul Fever Produced b> Short Wave Radio and its 
Therapeutic Application Aon. InL Med, 6 4S7 1932 
“Feinberg S H O borne S L and Steinberg M J Sustained Artificial 
Fe%er in the Treatment of Intractable Asthma JA.MA 99 801 19^2 

" Perkins C T Hyperthermia m Dementia Paralytica. Arch. Phy Therap 

W The Effect of Hjiierpyreaa Induced by Radiation Upon the 
Leucocyte Count Am. J Med So. 187 54S 1934 
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a maximum in about six to nine hours The increased white cell 
count was attributed mainly to changes in the total number of 
neutrophiles, of which the staff neutrophiles showed the greatest 
increase He showed an increase in polymorphonuclears and a 
corresponding lymphopenia. He also reported an increase in red 
cells, and in many instances a marked increase of the immature 
forms These changes, he concluded, indicated a stimulation of 
bone marrow. 

Phillips’"' stated that he found a temporary increase of approxi- 
mately ten per cent in the red cell count during hyperpyrexia 
He reported an increase in total white cells The polymorpho- 
nuclears showed a ten to fifteen per cent increase Phillips did not 
believe the changes found were due entirely to dehydration. 

Cohen and Warren’®’ studied ten patients, each of whom received 
eleven treatments The temperature was maintained at 40.5® C. 
to 41 6® C. for five and three-quarters hours One patient was kQ>t 
at a temperature of 41 6® C for twenty-one hours After control 
observations, hourly determinations of the blood count were made 
after the temperature reached the desired level Determinations 
were also made for several hours following termination of the 
treatment Blood studies were then continued at intervals until 
the patient left the hospital Although a leukocytosis was found 
in every case, the maximum change, the onset, the duration, and 
the extent of the change during the maintenance of the fever 
varied from patient to patient. A relative and absolute increase of 
polymorphonuclear leukocytes was observed during or im- 
mediately following the febrile period There was a substantial 
relative an^ absolute increase in immature polymorphonuclears 
in six of the eleven padents The red blood cell count showed a 
slight rise, and so did the hemoglobin, during or immediately 
following the period of fever. In one single instance, immature red 
cells were found These investigators stated that these observa- 

*■ PhJbps, K • Physical Methods of Fever Production from a Physiologic 
Viewpoint Arch. Phy Tberap 19 473.1938 

“ Cohen, P , and Warren, SLA Study of the Leucocytosis Produced m 
Man by Artificial Fe>er J Ciin. Invest 14 423 1935. 
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tions suggested a mobilization into the circulation of available 
and nearly mature cells of the myeloid and erythrocytic senes as 
a result of fever, while the cells of the lymphoid series decreased 
They could offer no explanation for the fall m lymphoc 3 des They 
staled it was not clear whether those cells are stored somewhere 
in the body or take some specific part in attacking the pathological 
process present or are destroyed by the febrile reaction 
Simon'"* studied ten patients to whom a total of seventy one 
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19 
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1 

1 

0 

0 
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I 9 

1 4 

1 4 

1 6 


treatments was administered He found a leukocytosis and an 
increased hemoglobin content This he thought was due in part to 
blood concentration He reported an increase of thirty per cent 
of the non filamentous cells It is endent, he stated that the bone 
marrow responds more quickly than the lymphatic system as 
shown by the relative decrease of lymphocytes According to him 
stimulation of the lymphatic system occurs but more slowly than 
that of the white cell forming organs 
The results obtained hy Osborne”’ m his study of fifteen 
patients are in essential agreement with those of the foregoing 
investigators His results are summanzed m Table 68 


S mon J F Efiects of Hyperpyrcx a on the Human Blood Count Blood 
Chemistry andUnae. J Lab &ao Med 21 400 1936 

“•Osborne S L Physiology of Hyperpyrexia DissertaUon for the Doctor 
ate NorthTkestem Univers y Evanston 1940 
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Krusen’** reported observations on one hundred patients 
whose temperatures ranged from 104® F to 106 8® F for three to 
seven hours He found a marked leukocytosis and a slight increase 
of the red cells, which he believed was due to blood concentration 
No change was found in the hemoglobin Like other investigators, 
he observed an mctease^tn the neutrophth and a decrease w the 
lymphocytes, which he stated could not be due to blood concen- 
tration He noted a slight shift (2 7 per cent) to the left, although 
not comparable to the marked shift produced by malarial inocula 
tions In discussing the work of Krusen,’®* Hargraves states 
The work did not take into consideration the succession of changes 
that occur for the next tn-enty hours following the onset of fever, and 
hence might be misleading and mask the true post febnle picture If 
this period is studied with multiple «erial counts, say at mtervals of 
half an hour, a rather constant response will be found The response is 
so constant that we feel that the term febrile bomogram is justified 
It IS characterized by a post febrile leukocytosis the duration and extent 
o! which IS an individual affair, and bears a relationship to the duration 
and height of the fever The peak of leukocytosis is dependent on a 
polymorphonuclear increase and often goes as high or higher than 
40,000 leukocytes per cu mm total white cell blood count It is here 
that the younger cells, as shoini by a changing filament nonfiJament 
ratio, are increased, this is evidence of bone marrow delivery and not 
a redistnbution phenomenon As the polymorphonuclear peak declines, 
the total count is usually suslamed, or partially sustained by an influx 
of monocytes The last cell to reappear in numbers is the lymphocyte 
which usually assumes lymphopemc proportions during the episode of 
fever 

According to Doan”* the majority of the cells making up the 
postf ebrile leukocytosis are polymorphonudear neutrophiles, newly 
ddnered by the bone marrow as evidenced by their youth This 

“*lvrusen F Studieson tbeBloodPicliireBeforeaBd After FeverTberapy 
Abstracts of Papers and Discussions Fifth Annual Fe\er Conference May 
1935 

*“ Krusen F The Blood Picture Before and After Fe\er Therapy Am J 
Med Sci 193 470 1937 

“*Doan, C A. Peripheral Blood Phenomenon and Differential Responses 
of Bone Marrow and Lymph Kodes to Hyperpyrexia Radiology 30 382 1938 
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reaction, he believed, may be nonspecific and by no means neces- 
sarily the most important from the standpoint of the fundamental 
body defenses. Doan showed by means of lymph node stucUes that 
there is a destruction of lymphocytes during hyperpyrexia. More- 
over, as further evidence of this lymphocytic destruction he cites 
the regeneration and delivery of new lymphocytes to the peripheral 
blood in the post febrile period He believed there was probably 
some destruction or redistribution of monocytes as shown by a 
delayed monocytosis, made up primarily of younger forms He 
stated that the hemograms following malaria and B-typhosis are 
quite different from those observed during fever induced by 
physical means. The shift to the left in the neutrophilic granulo- 
cytes in malaria is outstanding, and the appearance of clasmato- 
cytes in the peripheral blood has been observed in no other type 
of fever. 

Palita'” induced artificial fever in four unanesthetized dogs, 
raising their temperature two to four degrees Fahrenheit and 
maintaining it for one or two hours. He reported an absolute and 
relative increase in the formed elements of the blood These 
changes, he found, did not occur in the splenectomized animal 
The increased red cell count, he thought, could be explained by 
contraction of the spleen He stated that contraction of the spleen 
might be due to a nervous mechanism (a view held by Barcroft 
and Elliot), or a shift of blood from the viscera to the periphery, 
or an oxygen want. 

Doan,“* in an endeavor to determine whether the increase in 
circulating cells was due to splenic contraction, subjected a patient 
to an adrenaline test during hyperpyrexia, following which the 
blood picture showed little change other than a moderate increase 
in lymphocytes. He also subjected a splenectomized patient to 
four hours of fever of 106 to 107’’ F. A leukocytosis of 50,000 
was reached, he stated, by the same tide-hke variations as m 


Pahtz L L • Splenic Volume and the Polycythemia of Artificial Fever m 
Intact Unanestbetized Dogs Am. 3 l?hys5ol 12S 607 ^39 
'“Doan C A • Peripheral Blood Phenomenon and Differential Responses 
of Bone Marrow and L>-mph Nodes to Hyperpyrexia, Radiology 30 3&2 
193S 
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normal individuals. Cyanosis has been recognized as a stimulus 
to the spleen and bone marrow. Doan had the opportum'ty to 
obserN'e a patient who became excited, cyanotic, and finally 
passed into an epileptic seizure. He reported that such an episode 
had no significant effect on the curve of leukocytosis, 

Sloan and Doan'®* have shown that artifidally induced fever 
decreased prothrombin and fibrinogen. They reported their results 
on four young adult individuals, normal except for some type of 
gonorrheal infection Fever with a temperature of 104® to 107® F. 
was induced with the Kettering Hy'pertherm and maintained 
from nine to ten hours, with a resultant relative and absolute 
thrombocytopenia. They found megakaryocytes in the bone mar- 
row with definite cytoplasmic and nuclear damage The degree 
of thrombocytopenia, they stated, depended upon the extent of 
the megakaryocytic damage They pointed out that the patho- 
genesis of hemorrhage in artificially induced fever may be followed 
in orderly sequence; the elevation of body temperature results in 
anoxia and a depletion of liver glycogen; these factors may result 
in hepatic and megakaryocytic damage, following which there is 
a decrease in prothrombin and circulating platelets. Fibrinogen, 
they stated, may also be decreased The pointed out that the re- 
generation of the damaged parenchymatous tissues apparently 
takes place quite promptly and completely, the change being 
reversible. Their patient’s normal equilibrium was reestablished in 
five to seven days The most marked decrease of prothrombin 
occurred during the twenty-four hour period following treatment. 

Fetter and Schnabel"® studied the behavior of blood sedimenta- 
tion rate during and after fever therapy. They studied 41 patients 
whose temperature ranged from 104 to 107® F. They concluded 
that for practical purposes physically induced hyperpyrexia as 
used therapeutically does not affect the sedimentation rate. 

TAe Carbon Dioxide Combining Power of the Blood. IVluIe 
studying the physiological effects of hot water baths on human 

Sloan, J W , and Doan, C A.* Tbe Pathogenesis of Hemorrhage in Arti- 
ficially Induced Fever Ann. Int. iled 13.1215,1940. 

*“ Fetter, F , and Schnabel, T. G : Behaviour of Blood Sedimentation Rate 
Dunng and After Fever Therapy Am. J Med. Sd 201.115:1941 
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subjects, Hill and Flack”* m 1909 found a rise of body temperature 
was accompanied by a reduction of the alveolar carbon dioxide 
tension A decrease in the CO* combining power of the blood has 
been observed by a number of investigators 
The first blood chemistry studies to appear in which the method 
of internal heating was employed were those of Bischoff UlJman 
Hill, and Long”* in 1930, and those of Bischoff, Long and Hill'” in 
1931 They found a fall in the total COj content of the blood of 
four to twelve per cent by volume Mortimer”* in 193 1 working 
with dogs, found a decrease in the plasma COt combining power 
in dogs amounting to as much as twenty per cent In the same 
year, Neymann and Osborne"* reported ten observations made 
on a single individual, showing a decrease in the plasma COj com 
bining power of the blood Femberg Osborne and Steinberg ' * 
while studying the effects of artificial fever m the treatment of 
intractable asthma reported that the COj combining power of the 
plasma decreased They made seventy determinations and the 
average decrease was found to be eight per cent They also stated 
that with high fever, there was in three instances an increase in 
the CO, combining power of the blood of more than ten per cent 
by volume In fourteen instances the change was less than five 
per cent either way Hopkins”* m 1934 made chemical blood studies 
of twelve patients usipg the hot water bath to induce hyper 

' Hill L. and Flack M The Influence of Hot Baths on Pulse Frequency 
Blood Pressure Body Temperature Breathing Volume and Alveolar Ten 
sions in Man J Phys ol 38 57 1909 
"Bischoff F Ullmann HJ HU E and Long M L Stud es in Hyper 
thermia Induced by the H gb Frequency Eleclnc Current J B ol Chem 
85 675 1930 

“BischoS F Long M L and Hill E. Acid Base Equ Iibnum m Hyper 
themua Induced by Short Radio Waves J Biol Chem. 90 321 1931 
“ Mortimer B Experimental Hypertherm a Induced by High Frequency 
Current Radiology 16 705 1931 

“ Neymann C A and Osborne S L The Treatment of Dementia Para 
lytica With Hyperpyrexia Produced by Dalhermy JAMA 96 7 1931 
"Femberg S H Osborne S L andSlcnberg M J Sustained Artificial 
Fever in the Treatment of Intractable Asthma JAMA 99 801 1932 
” Hopkins H Chemical Changes m the Blood Induced by Hyperpyrenal 
Baths Arch Iseuro & Psycb 31 597 1934 
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pyrexia, and reported a decrease of the total CO 2 combining power 
amounting to five per cent Krusen,*’* using the Kettering Hyper- 
therm for the production of artificial fever, reported in 1935 that 
the average decrease of the CO* combining power of the blood 
was ten volumes per cent for one hundred treatments at 104° F to 
106 8°F. Phillips and Shikany”* in 1935 reported on the blood 
chemistry of nine patients undergoing fever therapy for the treat- 
ment of asthma Four of their patients showed a decreased CO* 
content of alveolar air, one an increase, and four no change at all 
Osborne’*" in 1940 reported the result of twenty-six determina- 
tions made on six patients undergoing fever therapy. The average 
carbon dioxide combining power just before treatment was 51 4 
volumes per cent, the standard error being ±1 4. Immediately 
after treatment, the average dropped to 45 8 volumes per cent 
with a standard error of ± I 2 The average decrease of the carbon 
dioxide combining power of the plasma, therefore, was 5 6 volumes 
per cent Twice the standard error difference was 3 6, so that the 
decrease Is quite significant 

Looney and Borkovic’** in 1942 studied the changes produced in 
the oxygen and carbon dioxide content of arterial and venous 
blood of the brain of tweUe patients during hyperpyrexia They 
reported that the increased rate of respiration resulted in washing 
out of carbon dio'ride, as shown by the progressive fall in both 
arterial and \enous carbon dioxide, amounting to 4 16 volumes 
per cent for the former and 4 31 volumes per cent for the latter 
The interpretation of the pH and acid-base changes in the blood 
is not easy This is due principally to the fact that simultaneous 

Ktusen F Studies on the Blood Picture Before and After Fever Therapy 
Abstracts of Papers and Discussion, Fifth Annual Fever Conference, Slay, 
1935 

"Phillips, K , and Shikanj, S The Value of Hyperpyrexia m the Treat- 
ment of Bronchial Asthma Southera Tfled ^ 28 801 1935 
” Osborne, S L Physiology of Hyperpyw«a, Dissertation for the Doctor 
ale, Northwestern University, Evanston, 1940 

“Looney, J M , and Borkovic, E J Changes Produced on Oxygen and 
Carbon Dioxide Content of Artenal and Venous Blood of Brain Dunog 
Diathermy Therapy for Genera! Paresis Am J Physiol 136 177 1942 
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determinations of pH, acid-base balance, and alveolar carbon 
dioxide tension have not been made The interpretations are varied 
Bazett and Haldane'*’ believed that the respiratory center becomes 
more sensitive to carbon dioxide with a rise in body temperature; 
hence fever will tend to produce h}q>erpnea, Koehler*” thinks it is 
altogether probable that when there is a definitie oxygen want in 
the tissues, there results an anoxemic stimulation of respiration 
He states that in addition to the stimulation of respiration by an 
increased COa content of the blood, there is a possibility that stimu- 
lation of respiration also results from a change In the hydrogen 
ion concentration — an explanation long held as to the mechanism 
of stimulating the respiratory center. Cajori, Crouter, and Pem- 
berton,*’* on the other hand, do not agree with Koehler that there 
is always an increase in the oxygen saturation of the venous Wood 
following the increase of the blood pH Bischoff, Long, and Hill*” 
state that the change in the total carbon dioxide content of the 
blood is readily accounted for by the shift of base to the blood 
proteins due to the increased pH of the blood They found no 
evidence to believe that the body attempts to compensate for the 
lowered COj tension by lowering alkali reserve In fact, both 
Cajori and Bischoff found evidence of a slight increase in the 


alkali reserve It would appear that the 


BHCO, 

ratio is changed 

HCOt 


with either no change or a slight rise in the BHCO>, and a decrease 
in the HCOi Bazett and Haldane”* reported that the symptoms of 
faintness, mental confusion, and tingling of the extremities was 
experienced by some of their subjects exposed to the hot water 
bath One of the subjects had marked byperpnea These workers 


* Bazett, H C, and Haldane, J B Some Effects of Baths on Man J 
Physiol 55- Proceedings No 4 1921 
“Koehler, A E Acid Base Equilibrium I CJmlca! Studies in Alkalosis 
Arch. Int Med 31 590 1923 

“Cajon. F A, Crouter, C Y, and Pemberton, R Effects of Heat on 
Acid Base Balance J Biol Cbcm. S7 217 1923 
“ Bischoff, F , Long, M L , and HID, E Acid Base Equilibrium m Hyper 
thenrna Induced by Short Radio Waves J Biol Chem 90 321 1931 
“Bazett, H C, and Haldane, J B- Some Effects of Baths on Man J 
Physiol SS Proceedings No 4 1921 
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felt that while hyperventilation played an important role in the 
production of these symptoms, a too rapid rise of the body tem- 
perature might nell be a contributing factor. Landis, Long, Dunn, 
Jackson, and Meyer“^ believed that the factors which seemed to 
influence the fall in alveolar CO* were chiefly the rate of ventila- 
tion, the type of breathing, and the length of the experimental 
period They found, as might be expected, that the total CO* con- 
tent of the blood was reduced lo general according to the degree 
of hyperpnea 

Desjardins,”* in a discussion of Lepore’s paper on chloride and 
water balance in relation to fever, stated: “Another point that 
might be mentioned, largely as a question, refers to the tetany 
that is encountered in a few patients We had one patient . . . who 
. . . had it in the abdominal muscles. Ten cubic centimeters of 
caldiun gluconate did not relieve the tetany. A short time later 
a second Injection was given, and that also failed to stop the 
tetanic contractions Carbon dioxide and oxygen were then given 
and this was followed by immediate relief. . . This experience 
led us to think that overventilalion probably is the chief cause of 
the tetany.” 

Bazett and Haldane”* found that the distressing symptoms, 
mentioned in the preceding paragraph, were instantly relieved by 
breathing 8 5 per cent CO*, or by re-breathing expired air This 
indicates that acapnia, or a depressed respiratory center, was 
present in their subject It would seem, as we have already pointed 
out, that instead of supplying the very distressed patient with 
oxygen, as has been the tendency, it might be far more effective 
to give 8 S per cent of COj, or have the patient rebreathe his 
expired air. In the presence of cyanosis, S per cent CO 2 and 95 
per cent oxygen might be preferable The period of greatest hyper- 
ventilation is during the fever induction, and is particularly 
evident when external hearing metbods are used As a genera) 
” Landis, E M , Long, W H , Dunn, J W , Jackson, C L , and Mayer, Y • 
Studies on the Effects of Baths on Man Am J Physiol 76 3S*1926 
“ Desjardins, A U Abstracts and Papers and Discussion Fifth Annuaf 
Fever Conference, Dayton Ohio, 1035 
"Bazett, K C, and Haldane, J B Some Effects ol Baths on Man J 
Physiol. 55: Proceedings No 4; 192L 
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rule, once the desired temperature has been reached, the respira 
tory changes quiet down considerably. Therefore, the use of CO, 
to increase the depth of respiration during the stages of fever 
induction might be of considerable value in some instances 
Non-Protein A'lf rogcn and Urea Ntlrogen of the Blood Ney 
mann and Osborne'*“ in 1931 noted an increase in the non-protein 
nitrogen and uric acid in the blood of their paretic patients while 
undergoing fever treatment In the same year Bischoff, Long, and 
Hill’*‘ stated that they found a slight increase in the blood non- 
protein nitrogen and urea nitrogen. At about the same time Nasset, 
Bishop, and Warren,”* working with anesthetiaed dogs, reported a 
marked increase in non-protein nitrogen values In 1931 Knudson 
and Schaible’” also reported that both the non-protein nitrogen 
and urea nitrogen of the blood were increased in proportion to the 
temperature of the dog and the duration of the fever. Mortimer*** 
in 1931, also working on anesthetized dogs, made a similar obser- 
vation Feinberg, Osborne, and Steinberg,’” studying the value of 
hyperpyrexia in the treatment of asthma, reported in 1931 that 
they found an increased non-protein nitrogen and urea nitrogen 
content of the blood in the majority of their patients On the other 
hand, Cameron”* in 1933 stated that he found no change in the 
total nitrogen Phillips and Shikany*” in 1935 state that they made 

**Ncyinann C A , and Osborne, S L The Treatment of Dementia Para 
lytfca with Hyperpyresia Produced by Dalhcnny JA-MA 96 7 1931 
“ Bischoff, F , Long M L , and Hill, E • Aad Base Equilibrium in Hyper 
rhcTTOii IndsKti by Short Radio Waves, J Biok Chem. 90 321 1931 
"Nasset, E. S , Bishop, F W, and Warren, S L • Physiological Effects of 
High Frequency Current, Am J Physiol 96 439 1937 
“* Knudson, A , and Schalble, P J Physiological and Biochemical Changes 
Resulting fioni Esposuie to an Ultra High Frequency Field Arch. Path 
11 728 1933 

“ Mortimer, B Experimental Hyperthermia Induced by High Frequency 
Current Radiology 16 70S 1931 

“ Fembere S H , Osborne, S L , and Steinberg, M J Sustained Artificial 
Fever lO the Treatment of Intractable Asthma J A M A. 99 801 1931 
“* Cameron. A. J D • Electropyrema. Hie Medical Press and Circular, Lon 
don, 1933 , , 

" Piulbps, K., and Shikany, S The Value of Hyperpyrexia in the Treatment 
of Bronchial Asthma. Southern Med J 28 801 1935 



a study of fifty consecutive asUimatic patients while undergoing 
fever therapy and found very little variation m the non-protein 
and urea nitrogen. 

The observations in Table 69 were made on a single individual, 
because so few repeated determinations have been made on the 
same subject while undergoing fever therapy. 

In addition to the non-protdn nitrogen and uric acid values, 
other determinations that were made at the same time are also 
shown The average value of the non protein nitrogen increased 
from 22 5 to 26 4 mg perlOOcc It is interesting to note that there 
was an almost steady decrease in the npn from treatment to 
treatment, so that while it was 32.4 mg per 100 cc at the beginning 
of the treatment, it had dropped to a level of IS 0 mg per 100 cc 
by the tenth treatment The uric acid increased from an average 
value of 3.7 to 4 7 mg per 100 cc. The value at the tenth treatment 
was higher than the initial one. 

The average n p n increase of 3 9 mg perlOOcc of blood is well 
within the range of the changes reported by Bischoff, Long, and 
Hill namely, 2 3 mg per 100 cc. Feinberg, Osborne, and Stein- 
berg*” reported an average increase of 2 8 As previously noted, 
both Phillips*” and Cameron”* state they found no change Animal 
experimentation on the other band shows a far greater increase 
in the non-protein nitrogen Knudson and Schaible*” reported that 
at a temperature of 107* F., there was a ten per cent increase, 
while at a temperature of 110* F , the average value showed an 
increase of 75 per cent. They found a marked decrease in blood 
volume which they attributed to fluid loss. This would seem 

** BischoS, F , Long M L , aod HjH, E Acid Base Equilibrium m Hyper 
thermia Induced by Short Radio Waves J Biol Chem 90 321 1931 

”• Feinbei^, S H , Osborne, S L , and Sternberg, M J • Sustained Artificial 
Fever in the Treatment of Intractable Asthma, JA M A 99 801 1932 

Phillips, K • Physical Methods of Fever Production from a Physiologic 
ViewpomL Arch. Phy Therap 19 473 1938 

“ Cameron A J D Eleclropyrcxia The Medical Press and Circular, 
London, 1933 

Knudson, A , and Scbaible, P. J Physiological and Biochemical Changes 
Resulting from Plxposure to an Ultra High Frequency Field. Arch. Path 
11 728 1933 
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reasonable since they gave thdr animals no fluid This dehydra- 
tion factor consequently obscures the effect which the temperature 
elevation exerted itself, and it seems likely that the blood changes 
they noted were due chiefly to dehydration However, they state 
that in many of their experiments the increase was entirely out 
of proportion to the blood concentration Moen, Medes and 
Chalek*” studied the effect of artificially induced fever on dogs, in 
which attempts were made to overcome the dehydration factor 
They noted only minor changes In both total plasma protein and the 
plasma-protein fractions of these dogs No data were given con- 
cerning non protein nitrogen 

In seven patients with Bright’s Disease, Farr and Moen'“ re- 
ported that no significant direct relationship between fever and 
the urea clearance was noted Goldrlog’" found the urea clearance 
slightly elevated in active febrile rheumatic fever; and Farr and 
Aberneth/** found a marked elevation of the urea clearance in 
pneumonia, which was not related to temperature 
In dogs, Van Slyke, Rhoads, Hiller, and Alving’" found that the 
urea clearance varied in direct proportion to the renal blood flow 
According to Farr and Moen,*** the mechanism producing the low- 
ered clearance was presumably a retarded renal blood flow, and the 
possible causes of the retarded renal circulation may have been 
either deflection of blood from the kidneys to the hyperemic skin, 
or occurrence of some desiccation despile the precautions taken 

“ Sroen, J K , Sfedes, G , and Cfaalek, I Tbe Relative Effects of Diathermy 
and Infection on the Plasma Proteins, Plasma Viscosity, and Suspension 
Stability of the Blood in Dogs J Lab & Qm Med 19 571 1934 
“ Farr, L E , and Moen, J K Tbe Effect of Induced Hyperpyrexia on the 
Urea Clearance of Rheumatic Patients Am J Med Sci 197 53 1939 
** Goldnng, W Studies of the Kidney m Acute Infection J Clin Invest 
10 345 1931 

Farr, L E , and Abemethy, T J Renal Physiology in Lobar Pneumonia 
J Clm Invest 16 421 1937 

Van Sljke, D D , Rhoads, C P , Hiller, A., and Alvmg, A S The Re 
lationship of the Urea Qearance to the Renal Blood Flow Am J Physiol 
no 387.1934 

**• Farr, L E , and Moen, J K.* The Effect of Induced Hyperpyrexia on 
the Urea Clearance of Rheumatic Patients Am J 5fed Sci 197 S3 1939 
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to prevent it The decrease m renal function was not serious in 
any of the patients, and was transitory The fact that a definite 
decrease occurred, however, emphasized the desirability of com- 
batting desiccation during the febrile treatment, and of applying 
such treatment with caution to patients with damaged kidneys, 
until the effect of artificially induced fever in such patients has 
been studied 

Nicholes, Boynton, and Herrin*** studied the changes in creati- 
nine clearance and urine flow of a few animals during fever The 
temperature was elevated from one to three degrees Fahrenheit and 
maintained for a very short period During the maximum hyper- 
thermia they often found an oliguria. The plasma creatinine 
clearance decreased 13 to 45 per cent. It never significantly in- 
creased They concluded that an increase in creatinine clearance 
was never due to the hyperthermia itself, but rather to changes in 
the tissues which are responsible for the hyperthermia 
Nasset, Carr, and Peters’’* noted in their dogs instances of a two 
hundred per cent increase They attributed these high values, 
however, to tissue destruction which frequently occurred at the 
site of application Mortimer'*' found a change of 3 7 mg per 
100 cc. for his animals, whose temperature varied from 106® to 
109® F. Nasset, Carr, and Peters’ stated that at temperatures be- 
yond 107 6® F. there was a very marked increase 
Undoubtedly a contributing cause of the increase in non protein 
nitrogen is the increased basal metabolism Also with the rise in 
body tempeialme an oUgvnia occwis with Ihc productiww of 
metabolites, which continues whether the urme is excreted or not, 
resulting in an accumulation of an excess in the body Bischoff, 
Long, and Hill'” state that these increases were comparable to the 

Nicholes, H J , Bo>-nton, B L , and Hcmn, R. C Changes m Creatinine 
Qearance and Unne Flow of Dog During Fever J Lab & Clin Med 
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change in the oxygen capacity. Nasset, Bishop, and Warren”^ 
believe that the smaller increases in non-protein nitrogen are due 
primarily to blood concentration 
According to Gibson and Kopp*** the question of blood concen- 
tration is far from settled. They criticize the technique used by 
previous workers in arriving at their conclusions, and one Is led 
to believe that they doubt whether there is any significant blood 
concentration The high n p n. values obtained in animal experimen- 
tation undoubtedly are due to tissue damage resulting from electri- 
cal bums. This tissue damage frequently is in the subcutaneous 
layers, and hence it is quite possible that many of the early workers 
may not have noted these burns below the surface. As Nasset, 
Bishop, and Warren’” stated, these burns might account for the 
high values found in their dogs It must not be o\ erlooked, however, 
that the body temperature in the human subjects was not carried to 
as high a level as was that of the dogs, altliough it was sustained in 
most instances over a longer period of time 
Id our patient there was no evidence to indicate that repeated 
hyperpyrexia causes kidney damage This view is corroborated by 
the work of Neymann, Lawless, and Osborne’” who subjected one 
of their patients, who had had one kidney removed, to a series of 
fever treatments at 106 5* F., eadi treatment being maintained 
at this level for a period of 5 hours No evidence of kidney damage 
was found by the usual clinical laboratory tests 
Ptilse Volume Chongcs Johnson, Osborne, and Scupham”’ stud- 
ied the pulse volume changes that occur during artificial fever in 
an attempt to ascertain the extent of the peripheral \ascular 

Nasset, E S , Bishop, F W , and AVarren, S L Physiological ESects of 
High Frequency Current Am. J Physiol 96‘439 1937 
"* Gibson, J G , and Kopp, I * Studies in the Ph> siology of Artificial Fever 
I Changes in the Blood Volume and Water Balance J Clm Invest 
17 219 19J8 

“Nasset, E S , Bishop, F W , and AVarren, S L. Physiological Effects of 
High Frequency Current Am J Physiol 96 439 1937 
“* Neymann, C A , Lawless, J K., and Osborne, S L. The Treatment of 
Early Syphilis with E!ectropyTe5aa.jJVMJt 107 194 1936 
“Johnson, C A., Osborne, S L,and Scupham, G The Effect of Artificial 
Fever on the Pulse Volume Changes of the Finger Am J Med Sci 
190 4SJ-193S 
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change, and at what temperature the maximum change occurs 
The circulatory changes were measured in one finger by means of 
the Johnson air conduction plethysmograph From the photo- 
graphic record obtained with this dewce it was possible to estimate 
a 0 002 cc. volumetric change Before fever, the pulse volume 
varied from 0 01 to about 0 05 cc. 

In each experiment, artificial fever at approximately 104 5°, 
was induced and maintained for eight hours The interval between 
each fever treatment was seven days They found that the maxi- 
mum increase in pulse volume occurred at a temperature of 103° 
to 104° F. They interpreted the change in the pulse volume as 
being indicative of a change in peripheral circulation 

Once the maximum amplitude of the excursion, ranging from 
0 043 to 0 08 cc., was reached, the pulse volume fluctuated from 
hour to hour and gradually decreased with falling temperature 
When the rectal temperature returned to normal, the amplitude of 
the excursions returned to the control Icvd or slightly above 

Further measurements have been reported by Osborne, Mark- 
son, Driscoll, and Merriman,”* using the method already referred 
to. Curves 1 to S inclusive of Fig 234 show the variation of pulse 
volume with change in temperature during the course of a four 
hour treatment These are in agreement with the curves obtained 
by Johnson, Osborne, and Scupham From the experimental evi- 
dence presented, it would appear that maximum vasodilatation is 
obtained when the rectal temperature is in the neighborhood of 
104° F. 

Johnson, Osborne, and Scupham interpreted the changes they 
observed as evidence of an increased circulation, resulting from 
vasodilatation and a probable increased cardiac output They 
stated that their interpretation was undoubtedly open to some 
question Furthermore, they stated that they were not unmindful 
of the fact that the factors which maintain blood pressure, such as 
the resistance ot'tfie soft tissues, a&uadfeof tte extent the 
Sion recorded by this device It might be possible to have an 
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increased circulation without increased pulsation, but not pos- 
sible to have an increased pulsation without increased circulation 

The striking feature was that the maximum response occurred 
at the temperature of 103° P. to 104° F., which was considerably 
lower than the maximum temperature attained Furthermore, the 
amplitude of the excursions, which indicates the circulatory re- 
sponse, showed marked variations as the temperature was main- 
tained ITiis was interpreted as due to instability of the vasomotor 
system. These results indicate that there may be an optimal tem- 
perature at which a maximum circulatory response occurs This 
suggests that where increased circulation is the main therapeutic 
objective, the patient’s temperature should not exceed 103“ to 
104° r. 

Other investigators have measured the velocity of blood flow 
Kissin and Bierman”* studied the relation between body tempera- 
ture and the circulation time They injected small measured doses 
of sodium c>'anide intravenously. The time from the end of the 
injection to the first deep breath was measured with a stop watch 
This interval was taken as the circulation time They found that 
the circulation time decreased as the body temperature rose, and 
conversely, the circulation time increased as the temperature fell 
The blood velocity was not always proportional to the tempera- 
ture, nor to the pulse rale, but followed the temperature more 
closely than it did the pulse 

Kopp’*" measured tbearm to tongue velodty lime by the decholm 
method He induced fever in two patients with dementia paiaiytica, 
one of whom had a syphilitic aortic regurgitation and cardiac 
hypertrophy. During the second half of the fever treatment ad- 
ministered to the patient with an apparently normal heart, an 
increase of the basal velocity of flow occurred, and was accom- 
panied by an increase in the pulse rate The basal v elocity of blood 
flow of the patient with sypiulitic heart disease tended also to 


•' Kissm, M , and Biennan, W lofluence of H>-perp}Texia on Velocity of 
Blood Flow P 10 C.S 0 C Exp. Biol &JIcd 30 S2T 1935 
" Kopp, I Velocity of Blood Flow in Therapeutic Hyperpyrexia Am. 
Heart Jour 11.475 1936 
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increase as fever therapy was continued, but was accompanied by 
a slowing of the pulse rate. He suggested that the changes in 
the basal velocity of blood flow and pulse rate of both patients 
were due to the beneficial effects of therapeutic fever on the myo- 
cardium, the changes in the patient with syphilitic heart disease 
resembling those characteristic of di^talis therapy. Like Kissin 
and Bierman*** he found no absolute quantitative relationship 
between the percentage increase in the \elocity of flow and the 


TABLE 70 

Ettzct or Hyperpyrexia on Blood J^essttre 



Before 

Treatment 

After 

Treatment 

( hange 

2<Tdi3 

Average 

Systobc B P 

129 

lOS 

21 

7 

Average 

Diastolic B P 

S3 

69 

14 

6 4 

Average 

Pulse Pressure 

46 

39 

- 

- 


degree of temperature rise He also found that the velocity of 
flow was less marked during typhoid vaccine fever 

Osborne'®* reported the effect of hj-perpyrexia on the blood 
pressure of 24 patients Table 70 gives the statistical analysis of 
this data. The changes observed are statistically significant 

The Influence of Byperpyrexut on Ascorbic Actd It has been 
established that the plasma ascorbic acid concentation is lowered 
during the course of an infectious fever. Consequently, the thera- 
peutic procedure of supplementing the diet of such patients with 
ascorbic acid has received increased attention 

“ Kissm, SI , and Biennan, W * loSueoce of Hyperpyrexia on Velocity of 
Blood Flow, Proc. Soc Exp BioL & Med. 30 527 1935 

“Osborne, S L Physiology of Hyperpyrexia. Dissertation for the Doctor 
ate Northivestem University, Evanston, 1940 
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Osborne and Farmer'” undertook an investigation to ascertain 
whether artificial fever produced by physical means also produced 
a lowering of the plasma ascorbic acid The body temperature was 
elevated and maintained at 104 6“ F (rectal) for a period of 4 
hours, following which it was permitted to return to normal To 
induce and maintain the patient’s temperature, induction heating 
combined with an air-conditioned cabinet was employed Treat- 
ments were given once weekly. 

Seventy-seven observations were made on 17 patients Analyti- 
cal determinations were made on each patient’ (a) just prior to 


TABLE 71 


ErrecT at IIypmpysxxia ov Ascorbic Acid Concentration in the Blood 



Elapsed 

tune, 

bn 

Avg of 77 
Detensmatjoos 
on 17 Chronic 
Aitbntu 
Patients 


2f diS 

Change 

Control 

0 

62 

03 



Temp reached lOt'F 

2 

68 

(M 

104 

06 

Temp at KM* F 4 bn 

6 

66 

03 

106 

04 

Temp returned to normal 

8 

64 

03 

088 

02 


treatment^ (b) when the rectal tempeialuie reached 104® F ; (c) 
after a temperature of 104® F. had been maintained for 4 hours, 
and (d) after the patient’s temperature had returned to normal 
Table 71 gives a summary of the average values and the result 
of the statistical analysis Obviously, there are no significant 
changes in the blood plasma ascorbic acid concentration during 
or following the course of the artifiaal fever 

Investigators differ markedly in their opinions as to what con- 
stitutes a normal blood plasma ascorbic acid level, either in health 
or disease. Abt and Farmer’” in their studies on children and young 


- Osborne, S L , and Fanner, C J Influence of Hyperpyrexia on Ascorbic 
And ConcenttaUon lo the Blood Proc Soc Exp Biol & Med 49 57S 

A.F and Farmer CJ TiltaUon of Plasma Ascorbic Acid as Test 

for Ute.t'AtiSS d ?L Round Tublr, Nu.nuou S Pub Herlfb 





HIGH rSEQtJENCY CURRENTS 721 

adults, report normal values for patients with adequate intake 
ranging from 0 7 to 1 5 mg per hundred cubic centimeters Blood 
plasma values below 0 7 mg they consider to be suboptimal Fur- 
thermore, according to these investigators, active scurvy may 
occur 2 a children with i-alues tip to 04 mg per cent Abt and 
Farmer believe that while these values are critical during the 
period of growth, they may not have the same significance in the 
adult Wolff, Banmng, and van Eekelen“® state a blood level of 0 4 
to 1 2 mg per cent to be adequate but not the optimum Daum, 
Boyd, and Paul'*® state that the normal ascorbic acid content of the 
blood ranges between 0 7 to 2 0 mg per cent Ralh and Sharry,“^ 
m their recent review, agree that plasma levels of 0 7 mg per 
cent, or above, indicate a satisfactory state of vitamin C nutrition, 
provided tbej are accompanied by a white cell platelet content 
of 25 to 38 mg per cent 

While the average blood plasma ascorbic aad concentration for 
our group was 0 62 mg per cent before treatment, the range 
varied from a low of 0 28 to 0 72 mg per cent Many of the values 
found in these patients are considered to be subnormal Thirty- 
three of the 77 determinations before treatment showed a level 
below 0 5 mg per cent This is of interest in the light of the work 
of Rhinehart,”* who as the result of his study expressed the follow- 
ing opinion “On the basis of expenmentaJ data previously re- 
ported, the concept was presented that rheumatic fever may be the 
result of the combined influence of vitamin C deficiency and in- 
fection With respect to the role of infection, it may briefly be 
said that in the presence of adequate vitamin C nutrition, rheu- 
matic type lesions have not been observed " 

••Wolff L K Banning C and van Eekeleo M Nutrition of Various 
Groups of Families m the Netherlands Showing \^tamm A and C Content, 
and Investigation of Blood and Unne for Presence of These 2 Vitamins Quart 
Bull Health OrganXeague of Nations 5 566 1936 

"•Daum K Boyd K and Paul W D Influence of Fever Therapy on 
Blood Levels and Urinary Excretion of Ascorbic Acid Proc Soc Exp Biol 
& Med 40 129 1939 

••RaJIi E P and Sherry H. Adult Scurvy and Metabolism of Vitamin 
C Medicme 20 2S1 1941 

••Rinehart J F Studies Relating Vitamin C Deficiency to Rheumatic 
Fever and Rheumatoid Arthritis &:peninental Clinical and General Con 
siderations, Rheumatic Fever Ann InLMed S86 9 1935 
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The claim has been made that fever mcreases the vitamin C 
requirement The most ■worthy evidence in support of this r la»m 
has apparently been submitted by Zoak and Shaipless They sub 
jected guinea pigs to a scorbutogemc diet and to artificial hyper 
pyrexia for from 2 to 6 hours daily Early m the course of the 
experiment they found the vitamin C content of the tissues reduced 
by hyperpyrexia, but as the scorbutic state was approached, little 
difference was found This was particularly true of the adrenals 
The evidence obtained from human subjects is divergent The 
conclusion of Zoak and Sharpless’** that no sigmficant change in 
the blood level of vitamin C occurs, was confirmed by the results of 
Osborne and Farmer They believed the failure to observe a de 
crease was due to hemoconcentration, however, studies by Os 
borne*” failed to show a hemoconcentration during hyperpyrexia 
when produced by the methods and management which he em 
ployed On the contrary, Daum, Boyd, and Paul*^* observed a 
decrease in the blood plasma level Faike,*” Daum Boyd and 
Paul,*” and Zoak and Sharpless’” studied unnary excretion of 
vitamin C as well as the blood level These investigators with the 
exception of Zoak and Sharpless, interpreted their data as showing 
that fever increases the need for or the utilization of vitamin C in 
man According to Falke,*** who induced a fever with pyrtfer, the 
need is increased by 100 mg per day Zoak and Sharpless expressed 
the view that by /ollomag the Wood level and urine excretion one 
cannot accurately determine if fever increases the utilization of 

*• Zoak J and Sbarpless G R ViUmin C NutnUon in ArUfieial Fever 
Proc Soc Exp Biol & Med 39 233 1935 

Osborne S L Hyperpyrexia and the Speafic Gravity of Blood Arch 
Phys Therap 22-407 1941 

Daum K Boyd K and Paul W D Influence of Fever Therapy on 
Blood Eevets and Unnary Excrelitm of Ascorbic Acid Proc Soc Exp Biol 

& Med 40 129 1939 , v v r u r-. 

’"von Falke Ober die Grosse dcs Vitamin C Verbrauche im Fieber Kim 
VVchschr 18 818 1939 

>‘Daum K Boyd K. and Paul W D Influence of Fever Therapy on 
Blood BeveU and Unnary Excretion of Ascorbic Acid. Proc Soc Exp Biol 

*'”zoak°j'”and’sharpIess G R V.laimii C NutnUon m Artificial Fever 
Proc Soc Exp Biol & Med 39 233 1935 
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vitamin C, tissue analysis as performed in the gumea pig studies 
would seem to yield more direct evidence. The reliability of data 
on the urinary excretion in regard to the utilization of or need 
for vitamin C is questioned by Abt and Farmer/” and by Wolff, 
Banning, and van Eekden The blood plasma level would appear 
to be more reliable, since the level at which vitamin C appears 
in the urine is subject to considerable individual variation. Fur- 
ther, Hawley, Frazer, Button, and Stephens^” present evidence 
indicating that the reaction of the urine is concerned in determin- 
mg the excretion of vitamin C Finally, in man considerable vita- 
min C is lost through the sweat, according to the observations of 
Combleet, Klein, and Pace.'” This, however, is denied by Wright 
and MacLenathan Osborne and Farmer could not find a satis- 
factory method for the determination of the loss of vitamin C m 
sweat. They assumed that the blood plasma level is the best indi- 
cator for the body level of vitamin C. According to this view, using 
the blood plasma level as the criterion, they found that a body 
temperature of from 104* to 104.6* F. for 4 hours did not signifi- 
cantly or detectably increase the rate of utilization of vitamin C 

VI. The Effect OF Hyperpyrexia ON Immune Bodies Men 
del”* found that the usual lethal dose of streptococci was tol- 
erated by rabbits, if these organisms had been exposed to tem- 
peratures varying from 40 5* C for twenty-four hours to 48° C 

”* Abt, A F , and Farmer, C J Titralioo of Plasma Ascorbia Acid as Test 
for Latent Atvitaimnosis C Proc Round Table Nutntion & Pub Health 

Id 114 ms 

” Wolff, L K, Banning, C, and van Eekelen, M Nutntion of Vanous 
Groups of Families m the Netherlands, Showing Vitamin A and C Content, and 
Investigation of Blood and Unne for Presence of These 2 Vitamins Quart 
Bull Health Organ League of Nations 5 S66 1936 

’"Hawley, E, E , Frazer, J P , Button, L L , and Stephens, D J , Effect of 
the Administration of Sodium Bicarbonate and of Ammonium Chlonde on 
the Amount of Ascorbic Acid Found id the Unne J Nutntion 12 215 1936 
Combleet, T , Klem, R J , and Pace, E R. Vitamm C Content of Sweat 
Arch Derm & Syph 34 2S3 1936 

”*Wnght, I S, and MacLenathan E Intradermal Test for Vitamin C 
Determination. J Lab &. Clm Med 24 806 1939 

“* Mendel, B Heitzetherapie, Klein Wrhnscfa 7 1898 1928 
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for fifteen minutes He stated it required almost one hundred times 
the lethal dose before all the injected animals were killed The 
mouse, he observed, is far xnore sensitive to streptococa than the 
rabbit, because the mouse does not respond with fever to the 
inoculation, while the rabbit does Based on these observations, he 





Fig 235 Fragmented and degenerated spirocbetes m a bistoJogic section of 
an inguinal lymph gland after three sessions of hyperp)Tex» at temperatures 
above 105 8* F for more than two hours and above 107 6* F for approximately 
one hour during each session (From Neymann Lawless and Osborne J A 
107 m 1936) 

suggested the use of heat in the treatment of streptococcic mfec 
tions in man 

Feinberg, Osborne, and Stemberg*” made quantitative studies 
on the skin and on the atopic reagins, before and after fever 
treatments for intractable asthma They found no decided changes 

" Feinberg S H Osborne S L. and Sternberg it J Sustained Artificial 
Fevenn the Treatment of Intractable Asthma. JAMA 99 BOl 1932 
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and concluded that the mechanism of relief could not be explained 
on that basis Hicks and SzymanoiFski “made similar observations 
on guinea pigs These workers also observed no changes in the 
preapitin titer in rabbits 

Carpenter Boak and Warren*** in discussing the results of their 



Fig 236 Fragmented and degenerated spirochetes after three sess ons of hyper 
pyiKoa Exlemal teropeiatuies and internal (rectal) temperatures were 
ma ntamed above lOS 8” F for one hour and above 107 6* F for an additional 
hour (From Neymann Lawless and Osborne JA.MA 107 194 1936 ) 

experiments, m which they treated rabbits inoculated with the 
treponema pallidum, stated 

* acks R A and Szymanowski W T TTie Biologic Action of Ultra High 
Frequency Currents J Infect Dis SO 466 1932 
“ Carpenter C M Boak R. A and Warren S L IV The Heabng of 
Experimental Syphilis Lesions in Rabbits by Short Wave Diathermy J Exp 
Med 56 751 1932 
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“It is evident that the increased heat of the fever provides an 
unfavorable environment for the spirochetes that either destroys 
or injures them so that they lose their infectivity We do not know 
whether in syphilis, the elevated temperature also stimulates, or 
activates those factors in the body that are concerned with its 
protection against infection However, in studies on gononhea 
we have observed increased phagoC3rtosis during artificially in- 
duced fever. This leads us to believe that such factors may play a 
prominent part in syphilis ** 

Jung'** made several hundred determinations of erythrocyte 
counts, complement titer, opsonic index, phagocytic power of 
leucocytes, and agglutinations on seventeen patients subjected to 
artificial fever for various diseases, and found the only sigmficant 
immunologic change produced was a temporary increase m the 
leucocytic count immediately after hyperpyrexia The alterations 
in complement content, opsonins, and the phagocytic property of 
leucocytes were found to be within the limits of normal variation 

Neymann, Lawless, and Osborne,*** treating patients suffering 
with early syphilis, staled that positive, or more intensely positive, 
serologic reactions developed after the first fever treatment They 
believed it safe to conclude that there is a rapid and intense 
mobilization of antibodies following fever therapy They theorized 
that this was due to a massjve destruction of the spirochetes, but 
realized that other factors may play an important role in bringing 
about this increase in amboceptor formation In the five biopsies 
made, they found spirochetes still present in the inguinal lymph 
glands after treatment, Figs 2$5 and 236, while the chancre or 
original site of infection showed no o^nisms The spirochetes in 
the l3miph glands were somewhat atypical, and^ did not produce 
syphilomas when transplanted into the testicles of a rabbit Figs 
237 and 238, before and after, show the effect of fever on the spiro- 
chetes in the cnancre itsdd 

rocbetes, especially those found in the lymph glands, are destroyed 
by heat alone The experiments that fix the in vtlro death point of 

”• Jung, R. W Immunologic Studies m Hyperpyrem. Arcli Phy Therap 

‘"Ne^,C A. lawte,J K , .=d Osbon.. S L. TO Trament of 
Earlv Svohilis with Electropyrexia JA3tA 107 194 1936 
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spirochetes at 41° C maintained for two hours, or 42° C main- 
tained for one hour, therefore, do not apply to spirochetes found 
in the hving human body 

Ecker and O’Neal'** induced hyperpyrexia in rabbits and guinea 
pigs of 40° to 43 1° C They immunized the rabbits and guinea 
pigs to baallus typhosus and reported a depression of agglutinins 
during the time of fever The antibody titer, however, soon re- 
turned to normal The guinea pigs all showed a decrease in 
complement, although the complement was not completely de- 
stroyed 

Reimann'*’ showed that an increase in plasma viscosity, depend- 
ing on an increase m the fibrinogen and globulin fractions of the 
blood, enhances specific agglutination, and suggested that these 
protein changes which occur dunng infectious diseases play an 
important role in immune processes In a later study on lobar 
pneumonia, Moen and Reimann'** found a prompt increase in the 
plasma globulin and fibrinogen fractions, together with increased 
plasma viscosity, within a short while after the chill It seems 
possible that the high fever associated with the disease, together 
with the severe toxemia, may have been an important factor in 
inducing these blood protein changes Since then Moen, Medes, 
and Chalek,*** using diathermy to produce hyperpyrexia in dogs, 
came to the conclusion that fever alone is not an important factor 
m evoking the plasma changes usually observed m infectious dis- 
eases The observations made by Osborne, Markson, Driscoll, and 
Jfemman’** on arthritic patients indicate that temperature per se 
has no influence on the total serum prolems Their measurements 
are within normal variations Table 72 

*" Ecker, EE andONca! The Effect of Hypeipyreaa Induced by Ultra 
High Frequency Current on B Typhosus Agglutinin and Complement Am. 
J Pub Health 2Z 1050 193Z 

■"Reimann, H A Significance of Fe%et and Blood Protem Changes in 
Regard to Defense Agauist Infection, Am. lat. iled 6 36Z 193Z 

*“Moen,J K and Reimann H A. Ptasma Protein Changes and Suspension 
Stability of the Blood m Lobar Pneumonia J Chn. Invest 12 S89 1933 

■"Moen.J R., Medes G andChatefc,! The Relative Effects of Diathermy 
and Infection on the Plasma Piotems, Plasma Viscosity, and Suspension 
Stability of the Blood in Dogs J I«ab & Chn Med. 19 571 1934 

"Osborne, S L, Alarlson, D E., Dnseoll, R E, and Memman, J R. 
Treatment of Arthritis by Electrc^jyieiia J Lab & Chn Med. 27 1135 1942 



728 


TECHNIC OP ELECTROTHERAPY 



Fic 237 Spirochetes m a histologic section o! a chancre before treatment 
(From Neymann Lawless and Osborne JA.MA 107 194 1936) 

Carpenter, Boak, Mucci, and Warren,**' from their study of 
patients infected with gonorrhea concluded that it was evident 
some injury, other than that due to heating, occurs to the gono 
coccus, making it more susceptible to destruction by the normal 
defenses of the body Clinically, they observed cures’ resulting 
from such fevers as 41 5® C maintained for five hours, whereas 
they were unable to destroy these organisms %n vitro by a similar 
exposure 

Hodjopoulos and Bierman'** subjected rabbits to a temperature 

Carpenter C M Boak R. A. Muca L A. and Warren S L. Studies 
on the Physiologic Effects of Fever Temps J Lab & Clin. Med 18 981 1933 
Hodjopoulos G and Biennan W Effects of Hyperpyrexia Induced by 
Physical Means Upon Complemeot fixing Antibodies J Lab & Clio Med 
20 227 1934 
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Fig 23S. Absence of all spirochetes in tbe histologic section of the site of the 
chancre after tno hyperpyrexia treatments Temperature above 105 8* for 
four and one half hours, and above 107 6* F for one hour. (From Neymann, 
lawless, and Osbonae. JAMA. 107:194;1W6,) 

of 41° to 42° C. for 3 to 4 hours. They reported a temporary 
diminution of complement-fixing antibody titer when their animals 
were immunized against staphylococci, streptococci, micrococci 
catarrhalis, and diphtheroid bacilli. They stated they also found a 
delayed stimulation phase in the dally antibody titers. 

Wulff®’ demonstrated, in 85 per cent of his patients, a thermo- 
stabile bacterial substance in human serum during the febrile 
period of infectious fevers. In 90 per cent of non-febrile patients 

""Wulff, F.: On Thermostabilc Bacteriddal Substance Demonstrated in 
Human Serum Particularly During Fever. J. Immun. 27:451:1934. 
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this substance could not be demonstrated The injection of sulfosin 
also appeared to stimulate organisms to produce a thermostabile 
bacterial substance. His experiments showed, further, that this 
bactericidal substance possessed enzymic properties. 

Tillett’** points out that the extracts of leucocytes (leuUn) have 


TABLE 72 

EttEcT Of Hyperpyrexia on Blooz> P«o«im Analysis (26 Deteruwations) 



Range 


Xfaaimiim 

MinuBum 

Total blood proteins 

9 3 

6 02 

7 37 

Albumin 

7 0 

3 73 

4 76 

GIohuLn 

4 7 

1 02 

2 53 

Fibrinogen 

0 82 

0 17 

0 42 

A/G tatio 

S 2 

0 84 

1 


been found to be bactericidal, and has led some investigators to 
offer the suggestion that the bactericidin of serum may be derived 
from leucocytes. However, he noted several exceptions He found 
cases with normal or leucopenic white blood cell count but with 
serum markedly effective in streplococddal activity. He further 
noted a relatively close parallelism between the bactericidal ca- 
pacity of the serum and the temperature of the patient. He postu- 
lated that it would be of great interest to attempt to determine 
whether fever per se is of primary importance in influencing 
changes in the blood serum, or whether other factors inherent in 
active febrile disease cause the appearance and disappearance of 
the humoral bactericidal pre^rty. 

Rich and McKee*” reported that rabbits inoculated with type 
III pneumococcus acquire a greatly enhanced resistance to further 
infection within twenty-four hours. They showed this resistance 

“• Tdlett, W. S : The Bactencidal Action of Human Serum on Hemolytic 
Streptococci J Exp Med 65 147 1937 

"•Rich, A. R , and McKee, C Native Immunity to Type III pneumococcus. 
Johns Hopkins Hosp Bull 59 171:1936 
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was not due to acquired immunity but to the fever that develops 
as a result of the infection. 

Benedict*” stated that when heat is produced generally, as in 
fever, there fs in addition to its local action, a physiologic factor 
that makes available certain non-specific antibodies, which in 
themselves probably exert a favorable influence. 

According to Doan*” the rather constant hemopoietic response 
to fever may be non-specific and is by no means necessarily the 
most important from the standpoint of the fundamental body 
defenses. He further stated that the hemograms following malaria 
and B-t>T)hosus inoculation, differs from those observed during 
fever induced by physical methods In infectious fevers the hemo- 
gram shows a marked leucopenia during the chill, a temporary 
disappearance of the monocytes following typhoid, and a moderate 
stimulation of the monocytes following typhoid vaccine. The shift 
to the left in the neutrophilic granulocytes in malaria is outstand- 
ing, and the appearance of clasmatocytes in the peripheral blood 
has been observed in no other type of fever, ^ile physically 
induced fever does not show an increase in clasmatocytes, Doan 
calls attention to the tremendous increase in these phagocytic cells 
elsewhere in the tissues, more especially in l>Tnpb nodes, spleen, 
and liver. He beliei'es that artifidaJ fever by physical means not 
only provides the thermal factor of importance for the inactivation 
of the treponema pallidum and the gonococcus, but also affects 
profoundly the mobilization of the defense forces of the body 
against such infections. 

Moench*** performed a series of in vitro experiments to ascertain 
the effect of heat on the growth of meningococcus. She was inter- 
ested in studying the effects of the temperatures generally used in 
hyperpyre-xia. Fifteen strains of meningococci were subjected to 

”• Benedict, W. H.; Discussion of paper hy Culler, C H , and Simpson, W 
W Atti&asl Fever ia Csscs oi Oa^r Sjf^s Arch QcdjthaJ IS 62* i9S6 

"'Doan, C A.: Peripheral Blood Phenomenon and Differential Response of 
Bone Manow and Lymph Nodes to Hyperpyrexia. Radiology 30 382 1938 

’“Moench, L RI A Study of the Heat Sensitivity of the Meningococcus 
in Vitro Wittun the Range of Therapeutic Temperatures, J Lab & CIm Med. 
22 66S.1937. 
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temperatures which ranged from 40* to 42° C and which were 
maintained from three to seven hours All strains, with a few 
exceptions, were either destroyed or their growth reduced. Some 
strains were consistently destroyed at lower temperatures and 
with shorter exposures than others. According to this investigator, 
the experiments indicated that a temperature of 41 6° C , main- 
tained for at least five hours, should be of clinical value. Moreover, 
Moench thought it might be possible that h5^erpyrexia would 
hasten the absorption of meningeal exudate and so prevent the 
development of adhesions and the resultant block to the circulation 
of cerebrospinal fluid. 

Shaffer, Endcrs, and Wilson,’** from previous studies,*”' be- 
lieved that the results of their experiments suggested possible modes 
of attack upon infections caused by type HI pneumococcus menin- 
gitis in man. Th^ accordingly treated two patients suffering from 
pneumococcus type III with artificial fever alone; two patients 
with rabbit serum of high specific-antibody titer, mixed together 
with human complement, which was injected intralhecally; and 
one patient to whom both treatments were administered simultane- 
ously. The patients given artificial fever had their temperatures 
elevated to 105* to 107* F. for five to ten hours. They determined 
at intervals the effect of these various procedures on the bacteri- 
cidal population and on the fluctuations in content of soluble 
specific precipitable antigen, as well as on free antibody when this 
was injected. Hyperpyrexia alone produced a marked reduction in 
the number of viable pneumococci and the quantity of free soluble 
type-specific antigen present. But in neither patient was sterility of 
the fluid attained. The combined treatment of hyperpyrexia and 
injection of rabbit antiserum appeared to produce best results as 
estimated by the conditions obtaining in the cerebrospinal fluid 

"Shaffer, M F., Enders, J. F, and Wilson, J • The Effect of Artificial 
Fever and Specific Antiserum on the Organisms Present in Cases of Type III 
Pneumococcus Meningitis, J. Clin Invest. V7 13&.19SS 

"Enders,! F., and Shaffer, H E 'Studies on Natural Immunity to Pneumo- 
coccus Type III, J. Exp Med. 64 7*1936 

" Enders, J F , and Shaffer, M F : An Analysis of Certain Factors in the 
Virulence for Rabbits of Pneuraociicci type III, J Immunol 30 382 1936 
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None of the five patients treated recovered from the infection 
From the foregoing discussion, it is quite evident that the effect 
of hyperpyrexia on immunologic reactions is not completely 
understood 

VII The Use op Sedatives It is unfortunate that a serious 
investigation of the use of sedatives in therapeutic hyperp3Texia 
has not been made It is our opinion that too frequently drugs are 
used without discrimination and undoubtedly have in some m 
stances caused or precipitated a major cnsis Most of the sedatives 
used are respiratory depressants, and, as Hartman*®* points out in 
discussmg the pathological findings of both experimental animals 
and patients which he studied at autopsy, it seems justifiable to 
place anoxemia as the underlying cause of the lesions, and the 
sedatives used m conjunction with artificial fever as the initiating 
or predisposmg cause of the anoxemia All investigators agree that 
cerebral edema is a constant effect of anoxia on the brain This 
then might account for the varying degrees of delirium reported 
by investigators Landis,*®* by demonstrating that fluid passes 
through capillary walls at four times the normal rate after only 
three minutes lack of oxygen, furnished the probable explanation 
Jewett and Quastel*®* demonstrated that phenobarbital decreases 
or abolishes oxygen utilization by the bram Hartman*®* reported 
that the administration of oxygen tended to reduce the sedative 
effect of sodium amytal (sodium amytal with other sedatives 
apparently affects the cells directly), decreasing the utilization 
of oxygen, and thus having a selective action on the brain 
Dowdy and Hartman*®* stated that cyanosis and anoxemia are 

“"Hartman F W Lesion of Brain FoJJoning Fever Hierapy Etiology and 
Pathogenesis JA-MA 109 2116 1937 
’"Land s £. M ILcro Injection Studies of CapJJsiy Penneability of the 
Capillary Wall to Fluid and to the Plasma Proteins Am J Physiol 
S3 S2S im 

“"Jewett M and Quastel J H The Effects of Narcotics on Tissue 
Oxidations Biochem J 31 565 1937 

Hartman F W Lesion of Beam Following Fever Therapy Etiology and 
Pathogenesis JAM.A 109 2116 1937 
““Dowdy A, H and Hartman F W Preparation of Patients for Fever 
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not S5monymous terras but are frequently coexisting conditions 
Strong barbiturates are respiratory depressants, and cyanosis in a 
marked degree is frequently noted during fever therapy when 
these drugs are used They also stated that depth and duration of 
sedation are fundamental problems in hyperpyrexia Deep anes- 
thesia establishes factors conducive to anoxemia with resultant 
injury to brain tissue. Dowdy and Hartman stated that they found 
sedormid to be a weaker drug with a greater margin of safety than 
the bariturates, and, hence, recommended its use. 

As a result of their experiments, Neymann and Osborne®'” no 
longer use hyoscine, but morphine sulfate alone. Any drug that 
inhibits sweat in a marked manner, they believed to be contra- 
indicated. Atropine is such a drug, and certainly any theoretically 
beneficial action this drug may possess by increasing the heart 
action, is outweighed by its effects on the sweat glands 
Other drugs such as adrenalin and compounds related to it, 
constrict the peripheral blood vessels, and therefore, are likely 
to cause a rise in body temperature of the patient, as well as an 
increase In heart rate. 

Strychnine increases the activity of the striated muscles by 
rendering the reflex arcs o! the spinal cord more excitable It may 
produce convulsions in susceptible patients. A convulsion causes 
an immediate and unpredictable rise in temperature. 

In cases of emergency, such as shock, digitalis is considered to 
be contraindicated, chiefly because, according to Warfield,*®* it 
decreases blood volume. There already exists a decrease in blood 
volume during hyperpyrexia according to Gibson and Kopp On 
the other hand, caffein sodiobenzoate can be safely used, and has a 
tendency to increase blood volume according to Warfield 
One concludes that sedatives should and can be used much less 

Therapy with Special Reference to Sedation and Fluid Intake Abst and 
Discuss First Int Fever Conf p SO, Paul B Hocbci, Inc Philadelphia, 1937 
” Neymann, C A , and Osboroe, S L The Physiologj of Electropyrexia, 
Am J Syp & Neurol 18 28 1934 

"• Warfield, L M The Treatment of Circulatory Failure, Ann Int Med 
7 981.1934 . , 

“ Gibson, J G , and Kopp, I • Studies m the Physiology of Arttficia! Fever 
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frequently than has been the ca^ Moreover, there should be a 
more judicious choice of the sedative to be used when one is 
necessary 

VIII The Effect of Hyperpyrexia on the Secretion and 
Flow of Bile Sorokin**® found, by using hot mud over the region 
of the liver, that the flow of bile into the duodenum was at first 
decreased but later increased 

Koza/“ using local diathermy to the liver, found that a twenty 
mmute treatment, repeated two or three times during the filling 
of the gallbladder, accelerated the filling time Similar results 
were reported by Rouzard and Atmard,*'* and more recently con 
firmed by Rafsky *'* 

Fnsch and Lasch*^* stated that the normal individual showed an 
increase in the secretion and concentration of bile during and after 
diathermy 

Goldgruber*” reported an mcrease in bile flow as observed by 
means o! a duodenal tube 

Couperus and Moore**® applied local diathermy to the liver of 
trained chronic biliary flstula dogs, and reported an increase in 
the bile \olume output of eight to forty six per cent in the first 
twelve hour period after treatment The total twenty four hour 
bile volume output was mcreased seven to seventeen per cent, 


I Changes in the Blood Volume and Water Balance J CUn Invest 17 219 
1938 

**SorolaD C E Action of Locally Appl ed Heat on Propulsion of Bile 
Secreting Into Duodenum Klin. Med 5 296 1927 

Koza F Liver Duthermy and Its New Use in Cholecystography Casop 
lek ce'ik, 67 601 1928. 

“Rouzaud J J and Aimard J La Diathermic. Sa Valeur Dans le 
Tiaitment des Lithmsiques Biliares Presse Med 31 47 1923 

“Rafsky Heniy A Diathermy and Biliary Tract Disease Arch Phys 
T5er Iff 2W i^Sr 

“ Fri'ch A V and Lascb F Ziir Funktionspnifung de Leber Acta Med 
Scan! 69 241 1928 

“Goldgniber Gexa UberdeDiatbennieBehandlungderLeberkrankheiten 
Klin Wchnschr 11 286 1932 

“Couperus M and Moore F B The EBect of Diathermy Upon the 
Secretion of Bile Arch Phy Thet 15 5 1934 
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they reported Unfortunatdy, however, they recorded only one 
twenty four hour control period before the application of heat 
They stated that previous work of other investigators convinced 
them that the total twenty four hour bile volume output vanes 
but little under standard conditions, and hence they did not 
consider it necessary to record a longer control period However, 
long observation on biliary fistula dogs on a standard regimen has 
shown*" *’* considerable daily variation in volume This amounts 
to d: eight per cent when the suction method is used and may be 
as high as ± twenty per cent when the bag technique is em 
ployed Hence, we feel that the seven to seventeen per cent 
increase reported may well have been within the normal variation 
of the animal Another objection is the fact that these workers 
left the gall bladder in place, draining the bile by means of a tube 
m the fundus This introduces an uncontrollable factor namely, 
variations in concentrating activity of the gall bladder 
Karapetyan*** noted that the local application of diathermy over 
the liver caused an augmentation of bile flow, and increased the 
amount of bile constituents in Pavlov biliary fistula dogs 
He reported an increased bile flow of 54 4 per cent However 
the report does not make dear whether his dogs were standard 
ued m regard to daily output before the heating period Schwiegh*** 
showed an increased blood flow in the hepatic artery by means 
of the Rein thermostromuhr following the administration of heat 
applications to the liver and the intravenous injection of dechohn 
Tantun and Ivy*** have shown that reflexly increasing the intra 


*■ E 3 Ivy A C. Tht Ea«<:t ot Certa. a Foods on Bile 

Volume Output Recorded m the Dog by a Quantitative Method Am J 
Physiol 122 32S 1938 

"•Schmidt CR. Bearell J M Bcnnan A L Ivy A C and Atkinson 
A J Studies in the Secretion of Bde Am J Physiol 126 120 1039 
’ • Karapetyan 0 K Hie Effect of Diathermy on Bile Formation Ztacbr 


f d g Physiol Terapie 43 H6 1932 
“Schvsiegb H Untersucbungcn Obcr die Leberdurchblutung “"d den 
Pfortaderkreislauf Arch fur Expenm Path und Pharmak 168 693 1932 
“Tantun A and Ivy A C A Study of the Effects of the Vascdar 
Changes in the Liver and the ExalaUon of lU Nerve Supply on the Formation 


of Bde Am. J Physiol 121 61 1938 



mcH FREQUENCY CURRENTS 737 

hepatic vascular pressure by stimulating the splanchnic nerves, 
chologenesis is inhibited and that sectioning the hepatic nerves 
diminishes the intrahepatic vascular pressure and accelerates bile 
flow It might be assumed, then, that providing the blood pressure 
is not depressed, fever causes an increased blood flow through 
the liver, which may stimulate bile formation by augmenting the 
metabolism of the liver cells 

The results of acute animal experiments by Osborne, Grodms 
and Ivy*” showed a definite cbolerectic eflect. Each experiment 
continued over a period of many hours The animals were under 
an anesthetic, which depressed the respiratory center so that 
the animals did not pant until a temperature of 41 S® C. was 
attained The panting period did not exceed one-half hour. Hem- 
ingway”* has shown that unanesthetized dogs begin to pant when 
their temperature is elevated only slightly 
Although heat produced a hydrocholeresls in the acute experi- 
ments, the increased volume flow more than offset the diminished 
concentration of the biliary constituents In the control group, 
although the volume flow did not always diminish, the total gravi- 
metric output of solids usually did 
Their chronic biliary fistula dogs showed no such choleretic 
effect They were somewhat at a loss to explain this discrepancy 
between the acute and chronic experiments The dogs were unanes- 
thetized during the chrome experiments Even well-tramed dogs 
become excited and restless when their rectal temperature is 
rapidly raised to 106® to 107® F As a result, there probably 
occurs a hyperactivity of the sympathetic or adrenal mechanism 
with a generalized sympathetic stimulation. It has been shown*** 
that stimulation of the hepatic sympathetic nerves causes a de- 

** Osborne, S L., Grodms, F S, Goldmaa, L, and Ivy, A C Effect of 
Hyperpyrexia on Secretion and Flow of Bile, Am J Physiol 132 32-41, 
1941 

“Hemmgway, Alien The Panting Response of Normal Unanesthetired 
Dogs to Measured Doses of Diathcnny Heat, Am. J Physiol 121 747 1938 
*“Tantun, A, and Ivy, A. C A Study of the Effects of the Vascular 
Changes in the Liver and the Excitatimi of its Nerve Supply on the Formation 
of Bile, Am. J Physiol 121 61 1938 
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crease in bile secretion This may explain, m part, these contra- 
dictory results Moreover, several hours elapsed before the 
animals recuperated from the generalized depression which re 
suited from the treatment. 

Gibson and Kopp”’ have shown that with external heating de- 
vices such as were used, the blood volume shows a very marked de- 
crease, but that if sweating does not take place the blood volume 
does not change An analogous condition exists between the two 
kinds of experiments The dogs in the acute experiments panted 
very little and but for a fewmmutes (analogous to sweating), while 
the chronic dogs panted and drooled at the mouth all through 
the experiment. The work of Reinhold and Wilson”* indicates 
that hydremia may produce choleresis Conversely then, a de- 
creased blood volume may result in a decreased bile volume 
output. They stated that in anesthetized dogs, application of 
heat over the liver promoted bile flow, but provided no evidence 
in support of their observation 

It is not altogether unlikely that blood pressure was decreased 
as a result of the treatment, and as Osborne, Grodins, Goldman, 
and Ivy*” pointed out, this could be a factor in decreasing the 
volume output. 

They also stated that they were not positive that they had 
accurately evaluated the changes found, because of the large 
spontaneous daily variation in the dogs Ordinarily, m the experi- 
ments on biliary fistula dogs, a control is taken which represents 
the average of several days observation This is then compared 
to an average for the treated dogs taken over a similar number 
of days When average values of this type are compared, spon- 
taneous daily variations tend to be cancelled In the experiments 
referred to, a control was taken in the manner just described, 
but it was compared to the value for only one day, namely, the 

“ Gibson, J G , and Kopp, I Studies m the Physiology of Artificial Fever 
I Changes m the Blood Volume and Water Balance, J Clirt Invest. 17 219 
1938 , 

•"Remhold, J G , and Wilson, V W The Peternunation of Chlonc Acid 
m Bile, J Biol Chem 96 637 1932 a r- 

Osborne, S L . Grodins, F S . Goldman, L , and Ivy, A. C Effect ol 
Hyperpyrexia oo Secretion and Flw of Bile, Am. J Physiol 132 32 1941 
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day of treatment. The nature of the experiments made it im- 
possible to give daily treatment. In this type of comparison, the 
part contributed by spontaneous variation is far more difficult 
to evaluate. 

In Fig 239 the results obtained in an acute experiment are 
shown. 

IX. I^IrscELiANEOus RESPONSES TO Fever Capillary Resist- 
ance. Rossman*** in an attempt to explain the mechanism of hem- 
orrhage in artificially induced fever, made studies of capillary 
resistance by means of the suction test on 12 subjects, three of 
whom were used twice, making a total of IS observations The out- 
standing pathologic observations in experimental animals and hu- 
man subjects following induced fever have been the presence at 
autopsy of focal hemorrhages and acute parenchymatous degenera- 
tion of the organs. 

Rossman observed that induced fever by means of the Ketter- 
ing Hypertherm produced an immediate decrease in capillary re- 
sistance as determined by the suction test applied to the skin of 
the forearm There occurred a quick return of the skin capillaries 
to normal resistance, with a temporary hyper-resistance in many 
instances, following such a treatment. The focal hemorrhages 
seen at autopsy after artificially induced fever in experimental 
and clinical subjects may be due to decreased capillary resistance 

The author was unable to determine the exact cause of this 
decreased capillary resistance, but regards vasodilatation and 
increased intracapillary pressure as the probable underlying 
factors. 

Effect oj Hyperpyrexia on Spermatogenesis. Moore*’* has pre- 
sented in a series of papers abundant evidence to show that 

“Rossman, Phihp L Capillary Resistance in Artificially Induced Fever 
Ann Int Med 14 28] -1940 

“Moore, C R , and Oslund, R . Eapenments on Sheep Testes, Cryptor- 
chidism, Vasectomy Scrotal Insulation Am J Physiol 67 S9S 1924 

Jloore, C R , and Quick, W J Scrotum as Temperature Regulator for 
Testes Am J Physiol 68 70 1924 

Moore, C R Properties of Gonads as Controllers of Somatic and Psychial 
Charactensbcs Heat Application and Testicular Degeneration, Function of 
Scrotum. Am J Anat 34 337 1924 
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e^osure of the testes of the rat, guinea pig, and sheep to tempera- 
tures above that of the scrotum results in degeneration of the 
germinal epithelium, and a consequent failure of spermatogenesis. 
The effect of high temperature on spermatogenesis seems general 
for all mammals, but similar e^eriments on man were not reported 
until lilacLeod and Hotchkiss*** published their findings in 1941. 
They used six healthy young unmarried donors The body tem- 
perature of the subjects was elevated and ranged from 104° F. 
to 105 8° F- The cabinet temperature was maintained at 110° F. 
After a control count nas secured and treatment given, total 
spermatozoa counts were taken at intervals of three to six days 
In every case, they state, it was evident that shortly after the 
initial fever treatment, the total sperm counts began to fall, reach- 
ing distinctly low levels at intervals ranging from 25 to 55 days 
after treatment. This low level was maintained for periods ranging 
from fifteen to fifty days, after which the counts show a relatively 
rapid rise. 

The question of the possible injury to male or female gonads 
by fevers ranging up to 42° C. (107 6° F.) was answered by 
the researches of Knudson and Schaible,*** who found that the 
growth and reproduction of the white rat was not impaired by 
repeated e.xposures to sublethal doses of high frequency radio 
waves. Boak, Carpenter and Warren*” later ascertained the same 
facts using white rabbits as experimental animals They conclude 
that the repeated elevation of the body temperature by short 
radio waves is innocuous to the functioning of the reproductive 
organs Neymann, in his book on artificial fever,*** states: 

“ MacLeod, J , and Hotchkiss, R S * ESect of Hyperpyrexia on Sperma- 
tozoa Counts m Men Endocrinology 28 780 1941 

**’ Knudson, A , and Schaible, P J • Physiologic and Biochemical Changes 
Resultmg from Exposure to an Ultra high Frequency Field on Growth and 
on Reproduction in llTute Rats Arch Path 11 725 19SI 

“ Boak, R A , Carpenter, C M , and Warren, S L Studies on the Physio- 
logical Effects of Fever Tempeiafiires 3 J Exper Med S6 731. and 725 
1932 

“Neymann, C A Artificial Fever Charles C Thomas, Publisher, Spring- 
field, 111 1938 
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“Two of my patients have given birth to healthy children within 
a year after completion of a series of twenty artihcial fever 
treatments produced by clectro-raagnelic waves During each 
treatment, a fever ranging above 40 6° C (105° F ) was main- 
tained for eight hours Two male patients showed no decrease in 
the number or the motility of their spermatozoa forty-eight hours 
after treatment with temperatures ranging near 42° C. (107 6° 
F,). The wife of another male patient became pregnant while 
the patient was being treated ambulantly. In this case there would 
seem to be no question of the paternity of the child, although I 
realize that the careful investigator might raise this issue. Several 
other male patients have noted an increase in potency and libido 
during the period of treatment and directly following it Hoctor*” 
while discussing one of my recent papers, stated that be treated 
a female with electromagnetically induced fever, who was afflicted 
with dementia paralytica This woman was in the sixth month 
of pregnancy and gave birth to a healthy male child two months 
later. 

“Artiddal fever produced in man by means of physical agents 
for the length of time and the height of temperature usually used 
for this purpose does not injure or harm the functioning of the 
reproductive organs 

Effect of Body Temperature on Pancreatic Secretion Osborne 
and Greengard”* investigated the effect of temperature on pan- 
creatic secretion They artificially lowered and raised the tempera- 
ture of six dogs Hyperpyrexia was secured by means of induc- 
tion heating and the rectal temperature of their animals was 
elevated to a level of 41° C. to 42° C. (105 8° F. to 107 6° F ) 
They reported that in all six of the dogs in which the temperature 
was raised there was an increased output of pancreatic secretion 
ranging from about 50 to 700 per cent. Fig 240 It was found 
that the rate of increase depended on the control rate of flow 
and was most marked when this was slow When the high fre- 

*" Neymann, C A. The Effect of Artificial Fever on the Chnical Mamfesta 
tions of Syphilis and the Treponema Pallidiini. Am J Psychiat 93 938 1936 

“Osborne, S L, and Greengard, H Effect of Body Temperature on 
Pancreatic Secretion Proc Am Physiol Soe p 216 1941 




Fic 240 Kymographic records of rate of pancreatic secretion in drops pec minute Rate changed with change m body tern 
perature Initial temperatures Dog No 4 38 6* Dog No 8 38* C Temperature was increased in Dog No 4 and decreased 
in Dog No 8 
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quency current was turned off and the animal permitted to cool, 
the effect of the hyperpyrexia persisted in that the secretory 
rate did not increase to the same extent as it had increased when 
the temperature was raised, and when the temperature had 
returned to normal, the secretory rate was definitely more rapid 
than the original control flow. These investigators stated that un- 
doubtedly the mechanism whereby such secretory alterations are 
produced is vascular* in nature- The hyperpyrexia was attended 
by a moderate rise in blood pressure and a marked visible en 
gorgement of the blood vessels of the abdominal viscera Thus 
it is apparent that there is a markedly increased supply of secre- 
tion to the pancreas through its increased supply of blood 



APPENDIX A 
LOGARITHMS 
Logarithmic System of Notation. 

In the common system of notation, numbers are expressed as 
multiples of the powers of 10 For example, 5296 means 5 times 10*, 
plus 2 times 10*, plus 9 times 10*, plus 6 times 10*. Should the num- 
ber consist also of a fraction, as 5296 723, the number consists of 
those multiples of the powers of 10 already given, plus 7 times 10“*, 
plus 2 times 10“*, plus 3 times 10-*. 

In the common system of notation, a number is represented by 
a series of difierent powers of ten, the exponent of each power 
being integral. By the use of fractional exponents, however, any 
number may be represented, approximately, as a single power of 
ten. 

The Logarithm of a Number' 

When a number is expressed m this way, i.e. as a power of 10, 
the exponent of 10 is called the logarithm to ike base JO of the 
number. For brevity, logarithm is written log If the base of the 
logarithm is some number other than 10, that fact is indicated by 
vnting the number as a subscript. For example, the logarithm to 
the base e of the number M is written log, M. If no subscript is 
used, it is understood that 10 is the base of the logarithm. 

The logarithms to the base ten of numbers between 


1 

and 

10 

IS 

0 + a fraction 

10 

and 

100 

is 

1 + SI fraction 

100 

and 

1000 

k 

2 + a fraction 

1000 

and 

10000 

IS 

3 + a fraction 

1 

and 

0.1 

IS 

— 1 -b a fraction 

0.1 

and 

0,01 

is 

— 2 -f* a iractho 

0.01 and 

0 001 

is 

— 3 + a fraction 


From the foregoing we see that the logarithm of a number con- 
sists of two parts, an integral part and a fractional part. The 
integral part is called the charaderistic; and the fractioneil part, 
the mantissa. 
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The CharacierisUc. 

The characteristic of the logarithm of an iniegral number, or of a 
mixed number, is positive and one less than the number of integral 
digits. Thus, logarithms of all numbers from 0 to 10 have as a 
characteristic 0; 10 to 100, 1; 100 to 1000, 2; etc 

The characteristic of the logarithm of a decimal fraction is negative, 
and is equal to the number of the place occupied by the first significant 
figure of the decimal. Thus, logarithms of all numbers from 0 I to 
1.0 have as a characteristic, —1; 001 to 0.1, -2; 0001 to 001, 
—3; etc. 

The Mantissa: 

The maHh'sso is always made positive. The logarithms of num- 
bers less than I are therefore made to consist of a negative char- 
acteristic and a positive mantissa, the resulting loganthm, if the 
algebraic addition is performed, being negative. It is customary to 
UTite a minus sign over the characteristic ol the loganthm of a 
number less than one to indicate that it is only the characteristic 
that is negatIve->or to add 10 to the characteristic and to indicate 
the subtraction of 10 from the resulting logarithm. For example* 

log 0.2 « 1.30103 « 9.30103 - 10. 

By performing the indicated algebraic addition, we obtain 
log 0 2 »= —0.69897, a form more convenient for such procedures 
as the finding of roots or the raising to powers. It must always be 
remembered, however, that the mantissas given in a table of 
logarithms are positive and therefore conversion of the logarithm 
to a form in which the fractional part is positive must be made 
before using such tables to find the number corresponding to the 
logarithm. 

The mantissa of the logarithm of any integral number, mixed 
number, or decimal fraction depends only upon the digits of the num~ 
he.r, arsd. it vxudvuiiifA w lan^ as tie seoptence of the digits ts un- 
changed. Obviously, changing the position of the deamal point of 
a number is equivalent to multiplying or dividing by a power of 10. 
The loganthm of the number, therefore, will be increased or de- 
creased by the exponent of that power of 10. 
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Since this exponent is integral, the characteristic alone of the 
logarithm will be affected, the mantissa remaining unchanged For 
example 


log 

002 

= log (2 - 10») « 3 30103 

log 

02 

= log (2 - 10*) =» 2 30103 

log 

2 

« log (2 10>) « 1 30103 

log 

2 

« log (2 - 10») = 0 30103 

log 

20 

= log (2 X 10') « 1 30103 

log 

200 

= log (2 X 10') » 2 30103 

log 

2000 

= log (2 X 10») * 3 30103 

log 20000 

= log (2 X 10*) *= 4 30103 


Logarithms to Any Base 

Other numbers than 10 can of course be used as the base of a 
system of logarithms The advantage, however, of using 10 as the 
base consists in the fact that the manitssa depends only on the 
sequence of digits, and the characiertshc on the position of ike 
decimal point 

To convert the logarithm of a number from one base to another, 
apply the following relation 


logb N 


fog* N 
fog, 6 


A number frequently occurring m the mathematical relations of 
science is the irrational number designated by the letter e Its 
numerical value is the summation of a particular mathematical 
senes and can be computed to be approximately 2 7182818 It is 
convenient at times to express the logarithms of numbers to this 
base Let us assume we have available a table of loganthms to the 
base 10 The foregoing relation can be written 


logio N 

log. N = = 2 302585 logu N 

logwc 


Should the logarithm of a quantity to the base e be given, its 
loganthm to the base 10 can be readily found as follows 


Jogio N « logio « log, N 
= 0 4343 log, N 
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Operations with Logarithms' 

Logarithms are simply exponents, therefore, 

The logarithm of a ^rorfiicf of two or more numbers ts the ruw of 
the logarithms of the factors. Thus, 

log (N X hf) = log N + log M. 

The logarithm of a quotient is equal to the logarithm of the dividend 
minus the logarithm of the divisor. Thus, 

log (N -i- M) » log N - log M. 

The logarithm of a power of a «iim6er »j equal to the logarithm of 
the number multiplied by the exponent of the power. Thus, 
log (K*) *= a log N. 

The logarithm of the root of a number is equal to the logarithm of 
the ««<»n6cf divided by the index of the root. Thus, 

log “ log (N‘^*) •» 1/a log N. 

Finding the Logarithm of a Number: 

1. Let 3467.3 be the number. 

(a) Since it is greater than I, the characteristic of its logarithm 
is positive. 

(b) Since there are 4 integral digits, the numerical value of the 
characteristic is 3. 

(c) Since the value of the mantissa is aSected only by the 
sequence of digits, we can forget the position of the decimal 
point after haring determined the characteristic and proceed as 
if the number were 346.73 This number lies between 346 and 
347, being located at a point 0 73 units above 346 or 0.73 of 
the difference between 346 and 347. 

(d) Its mantbsa is therefore found by taking the mantissa of 
346 and adding to it 0.73 times the difference between the 
mantissa of 347 and that of 346. Its logarithm is therefore 
log 3460+0 73 (log 3470-log 3460) or 3 9050 The procedure 
is as follows: 
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log 3470 0 * 3 5403 

log 3460 0 = 3 5391 

log 3470 - log 3460 = 0 5012 
3467 3 - 3460 0 
3470 0 - 3460 0 
0 73 X 0 5012 = 0 3659 

log 3460 0 « 3 5391 

log 3467 3 = 3 9050 

2 Let 0 06732 be the number 

(a) Smce it is less than 1, the characteristic of its logarithm is 
negatl^ e 

(b) Since the first significant figure occupies the second place 
to the right of the decimal, the numerical value of the charac 
tenstic IS 2, but negative as already pomted out 

(c) Smce, m finding the mantissa, we are mterested only m 
the sequence of digits, we can forget the position of the decimal 
after having determined the characteristic and proceed as if the 
number were 673 2 This number lies between 673 0 and 674 0, 
bemg located at a pomt 0 2 units abo^e 673 0 or 0 2 of the 
difference between 673 0 and 674 0 

(d) Its loganthm is therefore log 006732 plus 0 2 times 
Oog 006740— log 0 06730) or 8 82814 — 10 The procedure is as 
follows 

log 0 06740 = 2 8287 = 8 8287 - 10 

log 0 06730 = 2 8280 = 8 8280 - 10 

log 0 06740 - log 0 06730 
0 06732 - 0 06730 
0 06740 — 0 06730 
0 2 X 0 0007 = 0 00014 

logo 06730 = 8 82800 - 10 

log 0 06732 = 8 82814 - 10 


= 0 0007 
= 02 
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Finding the Numher Corresponding to a Logarithm, or the Anti- 
logarithm: 

1. Let 2.6732 be the logarithm of a number 

(a) Since the characteristic is positive, the number is greater 
than 1. 

(b) Since the characteristic has the numerical value of 2, the 
number of integral digits is 3. 

(c) The purpose of the characteristic is to determine the posi- 
tion of the decimal point; so, having done that, we consider 
only the mantissa of the given logarithm to determine the se- 
quence of digits which constitute the number. From the table 
we find that the mantissa 6732 lies between the mantissas 6730 
and 6739, being 2 -r 9 or 0 22 of the difference greater than 6730. 

(d) The number lies therefore between that whose logarithm 
has a mantissa of 6730 and that with a mantissa of 6739, these 
numbers being respecUvely 471 and 472 The antilogarithm of 
2.6732 is therefore the antilog 2 6730 plus 0 22 (antilog 2 6739 
—antilog 2 6730) or 471 22. The procedure is as follows: 

antilog 2.6739- 472.0 
antilog 2.6730- 471.0 


antilog 2.6739 — antilog 2.6730 = 
.67 32 - .6730 _ 
.6739- .6730 
0.22X1.0 = 


l.O 
0.22 
0 22 


antilog 2.6730= 471.00 


antJlog 2.6732 = 471.22 

2 Let 9 632 1 — 10 be the loganthm o^a number 

(a) The logarithm can be written 1 6321, the negative charac- 
teristic indicating that the number is less than 1. 

(b) Since the characteristic is negative and has a numencal 
value of 1, the first significant figure of the number occu- 
pies the first place to the right of the decimal point. 

(c) The mantissa 0 6321 lies between the mantissas 0 6314 and 
06325, being 7 — 11 or 0636 times (0 6325-0 6314) greater 
than 0 6314. 
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(d) The antiloganthm of 96321 — 10 is therefore antilog 
(9 6321-10)+0 636 [antilog (9 6325 -10) -antilog (9 6314 
— lO) or 0 42864 The proadure is as follows 

antdog (9 632S - 10) = 0 429 
antilog (9 6314 - 10) = 0 428 
antilog (9 6325 - 10) - antdog (9 6314 - 10) = 0 001 


0 6321 - 0 6314 
0 6325 - 0 6314 
0 636 X 0 001 
antilog (9 6314 — 
antilog (9 6321 — 


= 0 636 

= 0 00064 
10) = 0 42800 
10) = 0 42864 


Solulion oj an Exponenital Equation 
The relation between the intensity of transmitted and incident 
entenng radiation is in which I is intensitj of trans 

mitted radiation, !« of the inadent entenng radiation, e the con* 
slant 2 7183, t the thickness of the absorbing matenal m cm, and 
a the absorption coeffiaent If 1—80, I*— 100, and 1 — 1 cm, what 
IS a? 

80 - lOOe— 


Taking logarithms to the base 10 of this equation, we obtain 


whence 


log 80 = log 100 — a log e 
1 9031 - 2 0000 - 0 4343a 

2 0000 - 1 9031 

„ 0 223 

0 4343 


Table of Logarithms 

A table of four place loganthnis to the base 10 is gi\en, which 
contains the mantissas of the foganfAms af all ncandfers iincfer 
1000, the decimal point and charactenstic being omitted The 
logarithms of smgle digits 1, 4, 5, etc , will be found at 10, 40, 50, 
etc Tables of more places are available, but this table will sene 
for many practical purposes Tables of a greater number of places 
should be used when a high degree of accuracy is required Such 
tables are used m the same manner as a four place table 
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In working with a four place table, the numbers corresponding 
to the logarithms, * e the antilogarithms, may be earned to four 
significant digits, with a six place table to six with a ten place 
table to ten, etc 





APPENDIX B 

TRIGONOMETRIC FUNCTIONS OF AN ANGLE 
Definilion of an Angle: 

If a straight line is revolved about a perpendicular aTt s through 
one of its extremities, the Ime is said to generate an angle. If it is 
revolved in a counterclockwise direction, the generated angle is 
considered positive; in a clockwise direction, negative The initial 
position of the generating line is called the initial side, and the 
final position the terminal side of the angle. In reading an angle, 
the letter on the initial side is read first, then the letter designating 
the axis of rotation, and finally the letter on the terminal side 
For example, the angle generated by the clockwise rotation of a 
straight line from position OX to position OP in Figitre a, is read 
angle XOP, or Z.XOP If the angle is read in the opposite du-ection, 
the negative of the angle Is meant. 

Measure of an Angle: 

Angles are measured in degrees or in radians 

A degree is 1/3(50 of the plane angle about a point 

A radian is the angle at the center of a circle which is subtended 
by an arc equal in length to the radius of the circle 

Qtiadranls: 

It is convenient to divide the plane of rotation of the generating 
line into four parts by the two mutually perpendicular lines XX' 
and YV'fPigurea These parts are called the and 

jourlh quadrants. The Roman numerals in Figure a designate the 
quadrants. 

If OX is considered the initial side of an angle, the angle is said 
to he in the quadrant in which its terminal side lies Positive angles 
of 0 to 90° he m quadrant I; 90 to 180°, in quadrant II, 180 to 270°, 
in quadrant III; and 270 to 360°, In quadrant TV Ang’ies greater 
than 360° or any integral multiple thereof, will he m the first, 
second, third, or fourth quadrant depending upon how much 
greater than 360° or any integral multiple thereof the angle is For 
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example: angles of 375*“, 760°, and 1100° lie in quadrant Ij angles 
of 455°, 820°, and 1180° lie in quadrant II; etc 



Negative angles are generated by a ciocLwise rotation. Hence, 
negative angles of 0 to 90° lie in quadrant IV; 90 to 180°, in quad- 
rant HI ; 180 to 270° in quadrant II; and 270 to 360°, in quadrant 1. 
The quadrants in nhich negative angles greater than 360° lie are 
found as for positive angles. 

Trigonometric PttncUons of an Angle: 

Associated with any angle are six ratios of fundamental im- 
portance, upon which the whole subject of trigonometry is 
founded These ratios are called the trigonometric functions of the 
angle. 

In Figure a four angles are shown, one in each quadrant. Points 
Pj, Pt, Pt, and P« are the points in which the terminal sides of the 
angles intersect the circle of radius r, which has the intersection 
of the two mutually perpendicular axes, XX' and YY', as a center. 
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Let Mi Mi and be respectively the points o( intersection 
of perpendiculars from Pi P, P, and P* and the axis XX 
The trigonometric functions are defined as follows 


Sine oi the angle 6 sm P 


Cosine of the angle fi =» cos 6 


Tangent of the angle d = tan 6 


Cotangent of theangleP =» cot $ 


Secant of the angle P *s sec P 


Cosecant of the angle P a cse P 


From, the above it is seen that 

1 

cot P * 

tan P 

1 

sec P 

cos P 

1 

cse P = 

sin P 


PM y 
f r 

OM X 

r r 
PM _ y 
OM T 
OM _ X 
PM ” y 
r r 

'dlF^T 

r r 
pF ""y 


Hence, knowing the values of the sine cosine and the tangent of 
an angle the reaprocal functions can be readily computed 
Signs or tht Fonchovs or Akcues m VAiioos Qoatkahts 


Fuaetjon 

I 


m 

Sme 

+ 

+ 

- 

Cosins 




Tangent 

+ 

“ 
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Functions of Couuon Ancles 



0* 

30* 

45- 

60* 

90* 

ISO* 

270* 

J<50* 

Sm 

0 

1/2 


1/2-S/3 

1 

0 

-1 

0 

Cos 


ifts/i] 

1/2 

1/Z 

0 


0 

I 

Tan 


1/3 V3 


V3 

OC 

0 

« 

0 


Functions of Angies in ahv Quadrant in Texus of 
Angles in First Quadrant 



-fl 

90*+tf 

180*±e 

270“ ±e 

n(360)"+e 

Sm 

—sin 6 

+COS 6 

Tsin B 

—cos B 

±sm 6 

Cos 

+C08 B 

Tsin 0 

—cos $ 

±im B 

+COS B 

Tan 

— tantf 

?coie 

±tan 6 

?COt0 

±tane 


I^itidtng the Tngouomelnc Fundtons of an Angle 
I Let the angle be 33* 14' Find (a) its sine, (b) its cosine, (c) its 
tangent 


(a) From Table of Tngonomeirtc Fmcltons, 
sm 34® * 0 55P2 

am 33 ** 0 5446 

Difference •= 0 0146 


33® 14" - 33® 
34® - 33® 

0 233 X 0 0146 
sm 33° 


14 

*= iZ =r 0 233 
60 

= 0 0034 
= 0 5446 


sm 33® 14' « 0 5480 


(b) cos 33 = 0 8387 

cos 34 = 0 8290 

Difference 0 0097 

= 0 233 

34° - 33° 

0 233 X 0 0097 * 0 0023 

cos 33° = 0 8387 


cos 33® 14' = cos 33® — 0 0023 “ 0 8364 
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(C) 


tan 34“ « 0 6745 

tan 33“ = o 6494 

Difference * 0.0251 


33“ 14 ' ~ 33“ 


= 0 233 


34“ - 33“ 

0.233 X 0.0251 = 0.0058 
tan 33“ = 0.6494 
tan 33“ 14' = 0^6552 


2 Let the angle be 138“ 20'. Find its sine, cosine, and tangent. 
The angle 138“ 20' is in the second quadrant; therefore, its sine 

is positive, its cosine negative, and its tangent negative. Numeri- 
cally its functions are those of its supplementary angle, or that 
angle which with it makes an angle of 180“. Hence, 

Sin 138“ 20'« sin (I80“-138“ 20')«- sin 41“ 40'- 0 6648 
Cosl38“20'»-cos (I80“-138“20')«-cos 41“40'--0 7470 
Tan 138“ 20'- -tan (180“-138“ 20')--tan 41“ 40'- -0 8899 

3 Let the angle be 714“. Find its functions 

The angle of 714“ is generated by rotating the generating line 
counterclockwise one complete revolution and (714— 360)/360 of a 
second. The angle lies in the fourth quadrant and hence its sme is 
negative, its cosine positive, and its tangent negative Numerically 
its functions are those of the angle of 720“— 714“ or 6“ Hence 
sin 714“ = — sin 6“ = — 0.1045 
cos 714“ = cos 6“ = 0.9945 

tan 714“ — — tan 6“ = — 0.1051 


4. Let the angle be —75“ 17'. Find its functions. 

The angle of — 75“ 1 7 ' is generated fay rotating the radius vector 
clockwise until it makes an angle of 75“ 17' rvath the hne repre- 
senting its initial position. The angle is obviously m the fourth 
quadrant, and hence its sine is negative, its cosme positive, and 
its tangent negative. Numerically its fimctions are equal to the 
corresponding functions of a positive angle of 75“ 17 . Since the 
co-functions of complementary angles are equal, we may write 

sin - 75“ 17' == - sin 75“ 17' = - cos 14“ 43' = - 0 2540 

cos - 75“ 17' = cos 75“ 17' - sm 14“ 43' - 0 9672 

tan — 75“ 17' = - tan 75“ 17' = — cot 14“ 43' = - 3 807 
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Finding the Angle or Angles Corresponding to a Given Trigonometric 

Function 


1 Let the sine of an angle be 0 4136 Find the angle 

The angle whose sine is a given \alue, such as 0 4136, is referred 
to as the arcsine 04136, abbreviated arcstn 0 4136 From the 

Tahle oj Trigonometric Functions, it is foimd that the angle desired 
iies between 24®, whose sme is 04067, and 25®, whose sine is 

04226 The procedure to be followed is 


arcsin 0 4226 

= 25® 

arcsm 0 4067 

= 24® 

arcsin 0 4226 — arcsui 0 4067 

= 1® 

0 4136 - 0 4067 

0 4226 - 0 4067 

» 0 43 + 

0 43 X 

« 0 43® 

arcsin 0 4067 

- 24 00® 

arcsin 0 4136 = arcsm 0 4067 + 0 43® 

- 24 43® 

2 Let the cosine of an angle be 0 8642 Find the angle 

Proceeding as in Example I 


arccos 0 8572 
arccos 0 8660 

arccos 0 8572 — arccos 0 8660 
0 8642 - 0 8572 

0 8660 - 0 8572 

= 31® 

= 30® 

* 1® 

« 0 8 + 

0 8X1® 

)) 

o 

00 

arccos 0 8572 

= 31® 

arccos 0 8642 

= 30 2® 

3 Let the tangent of an angle be 1 6542 Find the angle 

Proceeding as in foregoing examples 


arctan 1 6643 

*= 59® 

arctan 1 6003 

« 58® 

arctan 1 6643 — arctan 1 6003 

= 1“ 

1 6542 - I 6003 

= 0 84 + 

1 6643 - 1 6003 

0 84 X 1® 

= 0 84® 

arctan I 6003 

*= 58 00® 

arctan 1 6542 

« 58 84® 
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Alternating current (continued) 
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references on, 486 
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Anodal opening contraction, 29 
Anomalous dispersion, 585 
Anoreoua during hyperpyrexia, 623 
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radiation, 275 

Anterior urethra, temperature of, durmg 
hyperpyrexia, 678 

Antrum, temperature elevation in, by 
short wave diathermy, 570 
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Arrhenius’ equation, effect of tempera 
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Artifiaal fever (see also Syptrpyrtxia) 
treatment of syphilis by, 675 
Ascorbic acid concentration in blood 
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Atoms, liberation of, at electrodes, 12 
Atoiuc form of constipation, 159 
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m denervated muscle, causes of, 115 
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Attia^on of unlike charges, 17, 19 
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Autonomic nervous system, stimulabon 
of, in constipation, 160 
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current, 321 
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perpyrexia, 6S7, 678 
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tion of rectal temperature, 679 
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Bactena, survival ratio of, 279 
Bactericidal action o! radiation, 282 
Bactericidal effect of ultraviolet redi^- 
tlon of various wavelengths, 278 
B Coll, killing of, by ultraviolet, 279 
Baker, adjustable, 219 
Basal metabolism, efiect of hyperpyrexia 
on, 682 

Beta curve of exatabilily, 111 
Biologic eSects 
of electric field, 591 
of ultraviolet, 269 
spectrum action curves for, 282 
Black Body radiator, 200 
spectral energy distribution curves of, 
202 

Blood 

and lymph flow, efl'ect of short wave 
diathermy on, $71 

chemistry, eflect of hyperpyrexia on, 
712 

count, effect of hyperpyrexu on, 702 
pH during hyperpyrexia, 698, 69$ 
pressure, effect of hyperpyrexia on, 
719 

protein analysj, effect of hyperpyrexia 
on, 780 

sedimentation rate, effect of hyper 
pyitxu on, 70S 

specific gravity of, effect of hyper 
pyrexia on, 698 

sugar, effect of hyperpyrexia on, 626 
vessels, effect of electric field oo, $94 
volume and external heat, 664 
viscosity coefficient for, 587 
Body temperature, Burtons formula for 
average, 686 

Body temperatures during hypyerpyrexia, 
678 

Body weight, percentage of, in water, 
661 

Bone marrow, temperature rise in, by 
short wave diathermy, 563 
Bnslow coil, 165 

Bunsen Roscoe Reaprocity Law, 187 
Burton's formula for average body tem 
perature, 686 

c 

Calcium and phosphorus metabolism, 
effect of ultraviolet on, 278 


Calone, 34 
Calrpd vmt, 193 
Capaatance, 333 
effect of frequency on 419 
in parallel, 352 
in senes, 348 
of cod, 410 

of parallel plate condenser, 334 
unit of, 334 

Capaative reactance, 333 
equation for, 337 
of senes circuit, 349 
CaptKaty permeability, 28 
Capdlary permeability, effect of hyper- 
pyrexii on, 663 

Capillary pressure and fluid exchange, 
effect of thermogenic radiation on, 
215 

Capillary resistance, effect of hyper 
pyrexia on, 739 
Carbon arc, 238 

advantages and disadvantages of, 252 
(actors affecting Intensity of emission 
238 

Finsen Lombolt lamp, 247 
beating effect of, 240 
spectral energy distribution curve of, 
239, 252 

Carbon filament lamp, penetration of 
radiation from uto tissue, 206 
Catelectrotonus, 29 
Cathodal dosing contraction, 28 
Cathodal opening contraction, 29 
Centipoise, 586 
Cervical lymph flow, 663 
Cervix, ion transfer 1°, 69 
Chancres, 675 

Charges, repulsion of like. 18 
Charges, attraction of unlike, 17, 19 
(Tbromium as reflector of ultraviolet, 177 
dironaxie 

faclon affecting, 110 
of deoervated skeletal musde, J18 
of muscle as compared to that of its 
motor nerve, 111 
xff joacmaj jkrietal musde 109 
of deoervated muscle, 118 
Circuit 

capaative, 336 
inductive, 332 
non inductive, 344 

Cimilahon, effect of, on thermal coaduc 
ttvity, 214 



Circulatory failure, 649 
Cistema magna, temperature of, dunng 
hypcrpyrexa, 678 
Coagi^Uon by direct current, 22 
Coal Ur as sensitizing agent for uHra* 
suolet radiation, 301 
CocfBaent of absorption, 184 
Coil 

apparent inductance of, 412, 41$ 
applicator, distnbution of Sold wiUud, 
441 

capacitance of, 411 
natural frequency of, 41$ 
resonant frequency of, 412 
tecfinic for imfticfion fieW, 52<J 
CO, combinmg power of blood, 70S 
CO,, value of, in hyper\enli!ation, 709 
Cold Quart* (mercury glow dischargee in 
quartz tube), 243 

Coloiwl bulb in incandescent lamp, ef 
feet of, 2W 

Comparison of effects of external heat 
and high frequency current w by 
perpyrexia, 6S$ 

Condenser field, 422 
heating by, 427 
optimal frequency for, 444 
sdectjie beating by, 443 
Conductance, 31, 3S2 
Conductance, unit of, 31 
Conduction in gas, 31 
Conduction m liquid, 31 
Conduction in solid, 31 
Coflductite current, 426 
Conductivity, clectncal, 11 
of electrolyte for mazunum powee ab, 
sorption, 433 
of NaCl solution, 405 
Constant, dielectnc, 584 
Constipation, 159 

object of treatment of, 159 
stimulation of autononuc nervous syv 
tern in, 160 

technic of treatment of, 160 
Contraction 

anodal dosing, 28 
anadal opeaerg-, 29 
cathodal dosing, 28 
cathodal opening, 29 
cyde, 114 

graduated electrical musde, 165 
Contraindications for diathermy, 548 
Contraindications for ultraviolet, 30$ 


Conventional diathermy (See Dtalhermy, 
conventtanal) 

Conversion of electrical energy into heat 
energy, 34 

Cooling of patient, methods for, m hy- 
perpyrexia, 642 

Copper as reflector of mfrared, 177 
Coming glass. No 254, transmission ol 
radiation by, 205 
Cosuie Law, 290 
Counter electromotive force, 329 
Crystal-controlled oscillating circuit, 39S 
Cuff electrodes for short wave diathermy, 
422, 508, 514 
Current 

linearly increasing, 119 
instantaneously rising, use of, 122 
energy component of, 347 
Leduc, 107 

for stimulation of normal skeletal 
musde, 126 

for sUmulatioQ of denervated muscles, 
333 

CX lamp, 237 
Cyanogen band, 240 

D 

Damped cscJlalmn, 364 
Debye unit, 584 
Decay, law of, 184 
Denervated muscle 
skeletal, electrophysiology of 115 
oxygen consumption of, 117 
prostignune effect of, 117 
quinine effect of, 118 
Denervation atrophy, 116 
Diathermy 

costnundications for, 548 
general application, 489 
local application, 4S9 
maximum current intensity, 491 
medical, 489 
surgical, 550 

Diathermy, conventional, 420, 491 
absorbent electrodes for, 491 
application to ankle, 497 
appffcation to prostate, 5W 
af^hcation to urethra 501 
application to vagina, 499 
application to wnst, 496 
conductive compounds for use with 
electrodes, 493 
direct application of, 491 
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Diathenny, conventional (continued) 
dosage, 493 

double cu£f application, 49S 
double plate application of, 4W 
edge effects, cause of, 49S 
electrode, active, 494 
electrode di'persive, 494 
electrodes, 491 
electrodes patterns for, 492 
fenestrated electrodes, 497 
indirect application of, S03 
monopolar technic for, SW 
oridcial electrodes, 49S 
plate and cuff application, 49S 
preparation of metal electrodes, 491 
safe guide for tolerance, SOI 
schematic diagram of generator, 372 
special electrodes, 497 
speafic principles of technic, So2 
use of soap lather, 493 
\ acuum and non vacuum electrodes, 
S04 

Dialhtrtny, abort wave (See also High 
friqueney electric fitld, and High 
frequtney induetun 421, S06 
air spaced electrode application, 509, 
514, SIS 

biologic erpenraents of (Vhilney, 614 
cuS electrodes for, 507, 514 
dosage, 520, 548 
dosage, dinical guide to, 542 
electrodes, 507 

frequency of oscillalions, 506 
hypeiemm, produced by, 528 
pad electrodes lor, 507, SlO 
plate and cuff applications of, 508, 
514 

Diathermy, short wave, elertnc field 
Application to 
ankle, 511 
ankle and foot, 514 
antrum, 512 

chest and abdomen, 513 
cervical spine, 512 
dorsal spine, 509, S12 
ears, 512 
elbow, SI3 
frontal sinus, 512 
hip, 514 
knee, 514 

lumbo sacral and sacro ihac regian, 
513 

shoulder, 513 


Diathermy, short wave, electric field 
(contmued) 
subdeltoid, 5I3 
wnst and hand 513 
dielectric spacing 511 
metal electrodes 507 
pad or condenser electrodes 506 
Diathermy, short wave, inducUon field 
ap^cation to 

chest, pelvis, dorsal and lumbo 
sacral spine, S36 
ear or sinus, 535 

elbow, forearm, ankle, knee, and 
foot, 523 
eye, 536 

band and wnst, 531 
seek, S35 
prostate, 540 
spine, 539 

upper or lower ertremity, 531 
appiicaticm of disk electrode, 540 
spacittg for, 523 
trcatmeBt Khedules, 546 
Dathermy technic, general principles of, 
489 

Dielectric 

constant, 334, 578, 584 
constant of vanous materials 335, 585 
hysteresis loss, 424 
polaruation of, 578 
Dielectrics, power loss in, 419 
Diffraction of light, iSl 
Diode, characteristic of, 377 
Dipole, 579 
ions, S84 

moments, table of, 585 
induced, 582 
molecular, 582 

Direct application of conventional dia 
tberniy, 491 
Diivct Current, 3, 131 
acid reaction of, 14 
active electrodes, 40 
afkahne reaction of, 14 
asbestos paper as electrode, 53 
cdlucotton as electrode, 51 
change of polanty, effect of 22 
coagulation by, 22 
contraction at “make* of, 131 
current density of electrodes (Dos- 
age), 4S 

dispersive electrode, 41 
dispersive electrode, size of, 46 
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Duect ciinent (continued) 
effects of, on protein 19 
electrode application, 44 
electrolysis (surgical lonirabon), 9S 
essenti^ elements of a generator of, S 
experiments with, S et itq 
general elecUotherapeutic prescnption, 
47 

hyperemia, production of, 27 
laflammation of penpheral nenes, 
treatment by, 81 
interrupted, 132, 134 
ion transfer, 49 

for fissures, fistube and sinuses, 69 
for fungus infection of hands and 
feet, 62 

limitations and value of 49 
problem, 6S 

references, JO, 60, 62, 65, 71, 73, 75,61 

solutions for, SO 

substances used ui, 49 

to eervi-T, 69 

to denuded surfaces, 62 

to the ear, 79 

to hand foot, and various jornte, SI 

to maxillary antrum, 74 

to mucosal surfaces, 69 

to bares, 77 

to recent scar tissue, 61 

to ulcers, 66 

to unbroken skin surfaces, $1 
to vagina, 71 
imtative effect of, 24 
liberation of histarauie-hke substance 
by, 28 

liquefaction by, 22 
motor point charts, 89 et se? 
negative, 4 

nerves and muscles, testmg of by, 85 
polarity effects of, on muscle contrac- 
tion, 28 
positive, 4 

precautions m administering treatment, 
43 

preparation of electrodes, 41 
reaction of denervated muscles to, 86 
reactions to, resulting from lower mo 
tor nerve lesions, 85 
resistance to flow of, 30 
response of normal nerve and muscle 
to, 84 

rules for administration of treatment, 
46 


Direct current (continued) 
sedative effect of, 24, 26 
sensory effect of, 24 
sources ol, 4 

specific applications of, 49 
speafic polar applications, 81 
summary of reactions, 33 
summary of reactions and applications, 
101 

technic of application, 40 
technic for testmg nerves and muscles, 
87 

test for polarity, 48 
testing of nerves and muscles, 88 
types of electrodes used with, 40 
vasomotor effects of, 26 
wheal, production of, by, 28 
Disk or drum electrode for induction 
field, 521 

Discussion, effects of external and inter- 
nal heat in prodtiang hyperpyrexia, 
672 

Dislocatioos, 153 

Dispersion of white light by pnsm, 172 
Displacement current, 425 
Dissoaation, eleetrot^c, 7 
Distilled water, transmission of radiation 
by. 253 

Dutnbuted capacitance of coU, 411, 414 
Dosage , 

conventional diathermy, 498 
short wave diathermy, 520 
ultraviolet, 283 

Double cuff application of conventional 
diathermy, 495 

Double pancake coil ior induction field, 
S2l, 523 

Double pbte application of conventional 
diathermy, 493 
du Bois-Reymond key, 103 
du Bois-Reymond induction coil, 103 
Duo termmal electrodes for surgical dia 
Iheimy, 554 

Dynamic characteristic, 380 

E 

&r, ion transfer to, 79 
Eddy currents, 423 

Edema of hands during hyperpyrexia, 
663 

Effects claimed for short wave diather 
my, S59 
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Effects of external heat when used to 
produce hyperpyrexia 6S6 
Effects of short wave duthermy lack of 
agreement on 559 

Effective value of oscillatory citrrent 
369 

Effective value of sinusoidal alternating 
current 320 
Electric arcs 237 
Efectnc cycle ii4 

Electric current best suited for stimida 
t on of denervated muscle 121 
Electric current most effective for stmu 
fating norma] skeletal muscle 113 
Electr c effects of short wave diathermy 
573 

Electnc effects of short wave diathermy 
conclusions regarding 590 
Electnc held (See also Hi|h frtgutnty 
tleclric fidd and Dialhermy short 
wave) 

said magnetic field compatisoa of S77 
characteristics of 575 
effect of on blood vessels 594 . 
effect of on nerve muscle ezcitabil ty 
592 

effect of on uncharged and charged 
bod ea 580 

effect of on ner%es 593 
effect of on surface tens on of colloidal 
solutions 589 

formation of pearl chains by 589 
point heating by 596 
power absorption by electrolyte in 429 
Electnc moment 579 
Electnc oscillation 364 
Electnc record ng thermometer 676 
Electrical conductivity 11 
Electncal energy conven on of mlo 
heat energy 34 
Electncal muscle stimulatian 
apparatus for 125 
bipolar technic 145 
blood flow effect on 118 
current class Scat on 125 
effect of 118 
electrodes lor US 
rate of 114 
rationale of 104 
unipolar lechn c for 145 
value of 108 

Electncal stimulation of muscles (See 
Electncal muscle sltmulat on) 


Electncal theory references on 486 
Electrocard ogram dunng hyperpyrexia 
687 

Electrocoagulation 551 553 
Hectrocuttmg 552 
Electrodessicatioo 550 552 
Electrode active for direct current 40 
Electrode appl cation of for d rect cur 
rait 44 

Electrode dispersive for direct current 
4t 

Electrode d spersive size of for direct 
current 46 
ETectrode foil 491 
Electrodes 

b polar for muscle stimulation 145 
current density of for direct current 
45 

for conventional d alheimy 491 
for electnc field applicat on 507 
for induction field appl cat on 520 
for muscle stimulation Ms 
for short wave djathemy 507 
preparation of for direct current 41 
preparation of muscle stimulating 145 
special for convent onal diathermy 
497 

types used w tb d rect current 40 
un polar muscle St mulatmg MS 
Electrolysis 16 21 
Electrolysis of water 7 
Electrolyte 7 

appl cation of electr c field to 427 
capantance of 426 
capaalive reactance of 427 
equ valent arcu t of 424 
equivalent arcuit of electnc field ap 
plication to 427 

equ valent circuit of indutUon field ap- 
pl cation to 437 

beating of by high frequency currents 
421 

heating of by electnc field 429 
heating of by induction field 436 439 
impedance of 430 

maximum power absorption by for 
ronstant current 433 
max mum power absorption by for 
constant voltage 433 
power absorption by for constant 
current 428 430 

power absorption by for constant 
voltage 430 432 
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Electrolyte (conlmued) Excessive dosage o! ultraviolet, indica 


power absorption by, in electnc field, 
429 

resistance of, 426 
Electrolytic dissociation, 7 
Electromagnetic energy, 169 
Electromagnetic induction, 316 
Electromagnetic spectrum, 173 
Electromagnetic wave, 169 
Electrophysiology of normal ^cletal 
ciusde, 109 

Electrophysiology of dcnervated muscle, 
115 

Electrop>Texia (See Hypttp^resia'i 
Electro'eclion, 552 

Electrosurgery generator, schematic dia- 
gram of, 374 

Emission of radiation, effect of tempera- 
ture of radiator on, 200 
Emisaivity of various metals 200 
Energy component of current, 427 
Energy, electronugnetic, 169 
Energy in condenser, instantaneous value 
of, 36S 

Energy of magnetic field, instantaneous 
value of) 368 

Energy, radiant, transmission and ab 
sorption of, 204 
Ergosterol 

absorption of radiation by, 2S2 
activation of, 277 
photodecomposiuon of, 278 
wave lengths most effective in aetival 
mg, 277 

Erythema ab igne, 213 
Erythema 
curve, 272 
degrees of, 295 
development of, 270 
latent penod of, 27l 
mechanism of production of, 274 
produced by heat, 223 
time for, as function of distance from 
source, 245 
unit, 283, 290 

wavefengths mo‘l effective in prodiic 
mg, 270 

Erythemal response , variation in, for 
different subjects, 312 
Erythema time, determination of, 310 
Erythematogenic equivalents of radia 
tion from various sources, 2S9 


Uons of, 295 

Exatability, alpha and gamma curves, 

110 

Excitability, beta curve, 111 
Exatation, law of, 104 
Expenment, muscle stimulation by elec 
tnc currents, 135 

Expenment, thermogenic radation, 227 
Experunents, direct current, S et seq 
Expenments, ultraviolet, 303 et seg 
Exposure tune, effect of obliquity of 
radiation on, 193 

Exposure time for ultraviolet, 294 
External and mtemal beat 
effect of, on rectal and axillary tern 
perature, 6S7 

effect on water balance, 659 
for produemg hyperpyrexia, diKUssion 
of, 672 

External heat and blood volume, 664 
External beat, effect of, on pulse rate, 
669 

Extrinsic muscles of abdommal wall, 
sUmulalion of, m constipation, 162 
Eye, temperature elevation in zones of, 
by short wave diathermy, 570 

F 

Paaal serve, paralysis of, 143 
Farad, unit of capaatance, 334 
Faradic current (See Tetamimg cur 
rent) 

Far infrared, wavelength limits of, 196 
Fever (See Syperpyrexta) 

Fibrillation, a cause of muscular 
atrophy, 116 

Filter, heat transmittmg, 206 
Filters for fluorescent exammation, 263 
Finsen-Lomholt carbon arc, 247 
Finsea unit, 287 

Fust degree erythermal dose 295 
Fissures, ion transfer for, 69 
Fistulae, ion transfer for, 69 
Flacad paralysis, 143 
Fluid absorption from GJ tract dur 
mg hyperpyrexia, 662 
Flind absorption m hyperprexia, 623 
Fluid demand m hyperpyrexia, 660 
Fluid intake during hyperpyrexia, 645, 
659 
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Fluorescence, 261 
tntdical applications of, 267 
non medical applications of, 265 
Fluortscent examination, fillers, for, 263 
Fluorescent substances, 261 
Fractures, l55 

Frequencies claimed for selective heating 
of different tissues, S63 
Frequencies for diathermy apparatus, 
393 

Frequency 

effect of, on circuit elements, 401 
for resonance in parallel circuit, 359 
for resonance to senes circuit, 357 
of alternating current, 319 
of interruptions of surging mtemipted 
current, 132 
of oscillation, 369 

of surge of interrupted direct current, 
132, 135 

of vibration of radiation, 171 
Fnctienal coefficient of rotation, $86 
Fnctional moment of a sphere, formula 
for, 586 

Fulguration, 550 

Fungus infection of hands and feet, ion 
transfer for, 62 

Fused quartz, index of refraction of. 

for various wavelengths, 180 
Fused quartz mercury arc lamp, 241 


G 

Gai%anic current (See Direct ewrreni) 
Galvanism, surgical, 16 
Gastrcuntestinal tract, absorption of wa- 
ter from, 662 

General body irradiation ^ith ultravio- 
let, 295 

Generation of ulttavioUt, 235 
Generator of direct current, 5 
Generator output, 453 
Goeckerman’s technic for ultraviolet ir- 
radiation, 301 

Graduated electrical mustfie conlracUon, 
16S 

Cram calone, 34 
Grotthus-Draper Law, 133 
Group irradiation with ultraviolet, 3Q3 
Growth of current in a cod. 329 
Growth restriction by radwtmn, 282 


H 

Heart rate and skin temperature 664 
Heal energy, conversion of electrical 
energy mto, 34 

Heat generation and temperature nse 
567 

Keating by electric field, 427 
Heat 

phyaologic effects of local applications 
of, 212 
sense, 489 
stroke, 648 
tolerance, 489 

Hemoglobin, effect of hyperpyrexia on, 
699 

Hemogram of hyperpyrexia 699 
Hemolysis, production of, by radiation, 
282 

Henry, unit of inductance 330 
Herpes simplex in hyperpyrexia 651 
High environmental temperature, effect 
on pulse rate, 666 

High environmental temperature, cause 
of reversal of normal heat gradi 
ents, 672 

High frequency alternating current, 363 
High frequency torrents 
generation of, 363 
heating of electrolyte by, 424 
methods of application of, 420 
references on, 486 

High frequency electric field (See also 
Dul/iirmy, short wave, tleelnc field, 
and Electne field), 507 
evaluation of, 516 
lumtaboss of, 539 

High frequency generator, operation of 
SIS 

lli^ frequency induction field (See also 
Dtatiermy, thort wave, mductton 
field, and Indaclton field), 520 
coil technic for, 520 
disk or drum electrode for, 521 
double pancake coil for, 521 523 
electrodes for, 520 
optional dosage technic of 541 
pancake coil tecbmc for, 520 
Schmitts technic for, 541 
specific applications, technic ol S2S 
High frequency induction generator, op 
eration of, 547 

High frequency resistance, 402 
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High frequency wattmeter, 456, 461 
Histamme content of blood, effect of 
electric field on, 600 
Histamine like substance, liberation of, 
by direct current, 28 
Homy lajer, absorption of ultra\jolel 
by, 231 

Ho^piUl bed technic for hyperKTeaia, 
626 

Hot bod> radiators 237 
Hot spots, causes and ehmmation of, 
517 

H substance, liberation of, hj ultravio 
let 274 

by direct current, 28 
Humidification of feser cabinet, 635 
Humidity and temperature of encnron- 
ment, effect on autonomic nervous 
s>'5tem, 663 

H>peremia produced bv direct current, 

27 

absorption of fluidi from G I tract 
durwg 662 

air conditioned cabinet use of m, 
616 

air conditioned cabinet and induction 

field in, 622 

air conditioned cabinet and induction 
field, technic of ‘or 635 
adrenal cortex use of m 625 
adrenalin ui, 626 
age limit for 6'’3 
anoxemia in 623 
artificial, theor> of 617 
basal metabolism m 682 
comparison of effects of external heat 
and high frequency cunents for, 
655 

capillary permeability during 663 
care of patieqt during, 643 
effect of, on blood sugar, 626 
effect of external and mtemal beat on 
axillary and rectal temperature, 
657 

effects of, 618 

effects of external heat 656 

electric light cabmeU u«e of, in, 615 

fluid absorption in, 623 

fluid demand m 660 

fluid intake in, 6S9 

heat Joss in, insulaUon again«t, 626 

hot baths, use of, m, 612 


HypcrpyTexia (contmued) 

methods for cooling patient, 642 
methods of produemg 600, 655 
VaCI loss in, 659 
nurses record, 643 
patient preparation, 632 
«edatives, use of, 623 
sweat output in, 659 
technK of, 619 

technic of, usmg hospital bed, 626 
therapeutic applications of, 654 
temperature and temperature control 
641 

temperature record of patient, 677 
teimination of treatment, 647 
treatment administration m, 636 
treatment bag technic for, 627 
untoward effects, treatment of, in, 648 
use of air conditioned cabinet for, 6s0 
warning «ignals m, 647 
water and salt intake in, control of, 
625 

weight loss in, 660 

Hyperventilation in hyperpyrexia, 697, 
709 

Hy*tenca] paralysis, 167 

I 

Ice and water as reflectors of infrared, 
177 

Immune bodies, effect of hyperpyrexia 
on 723 

Impedance, 338 • 

diagram of 'cnes circuit, 341 
equation for, 341 
electrolyte, 450 
of parallel arcuit, 353 
of senes urcuit, 349 
lucandescent lamp 
with colored bulb, 204 
with water filter, deep tissue tempera- 
ture product by, 211 
without water filter deep tissue tem 
perature produced by, 211 
Inodence, angle of, 176, 178 
Index of refraction, 178 
Indirect application of conventional dia 
thermy, 503 
Inductance, 324 
effect of frequency on, 409 
mutual, 327 
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Inductance (continued) 
of single layer coii, 414 
self, 329 
unit of, 330 

Inductances In parallel, 351 
Inductances m senes, 348 
Induction field (See Rnk frequmey 
induction field and Diathermy, short 
viave, induction field), 423 
effect of fcetiuency on heating ty, 449 
equivalent Circuit of application of, 
to electrolyte, 437 
eN'aluation ol, 543 
heating of electrolyte by, 436 
)ugh frequency, 520 
optimal frequency for, 449 
power absorption in, 438 
reasons for using, 485 
Inductive nituit, power is, 345 
Inductile reactance, 324, 33t 
Inductive reactance, equation for, 33J 
Inductive reactance ol senes circuit, 348 
Inductive reactances in senes, 348 
Inductothermy, 423, 520 
Inductopyrctis, 615 

laBamaiiUon o( peripheral aerses, direct 
current for treataent of, 81 
Infrared radiation (See also ThermO' 
feme radiation) 
absorption of, 205 
absorption of, by skin, 209, 222 
antagonistic effect of, on ultraviolet 
radution, 275 
best reflectors of, 177 
definition of, t72, 174 
discovery of, 112 
far and near, 196 
penetration of, 205, 2ZZ, 233 
physiologic effects of, 212 
reflection of, 176 
reflection of, by metals, 177 
reflection of, by pigments, 177 
spectral range of, l7S 
synergistic effect of, on ultraviolet 
radiation, 275 

temperature at Various depths ui trs- 
sues after irradiation with, 209 
therapeutic, 196 
transmission of, 205 
wavelength of, for maximutn penetra- 
tion into tissues, 207 
Instantaneous value 
of condenser voltage, 367 


Instantaneous value (cortinued) 
of damped oscillatory discharge 366 
of energy in condenser, 369 
of energy in magnetic field, 369 
of power tn alternating current circuit 
321 

of sinusoidal alternating current, 319 
Insulation against heat loss in hyper- 
pyrexia, 626 

Intensity of radiation, measurement of 
187 

Intensity of radiation as a function of 
distance 189 

Intensity of ultraviolet radiation, 285 
Internal heat, effect of, on pulse rate, 669 
Interval timer, 296 

Intragastnc temperature during hyper 
pyrexia, 674 

Inverse Square Law, 189 
Inverse Square Law, application of, 244 
Invisible radiation, 372 
Involustao' (smooth) muscle, stunuU 
tion of, by electne current, 124 
Ionic medication, 19 
loniaation, 19 
lofiuation, surgical. 21 
lonogens, 7 
Iona, 7 

Iona, attraction of, 12 
Iontophoresis, 19 
Ion transfer, 14. 16, 19, 49 
for fissures fistulae, and sinuses, 69 
for fungus infections of hands and feet, 
62 

limitations and value of, 49 
substances used m, 49 
to cervix, 69 
to denuded surfaces, 62 
to ear, W 

to hand, foot, and various joints 51 
to maxillary antrum, 74 
to mucosal surface, 69 
to nares, 77 

to recent scar tissue, 61 
to surfaces of unbroken skin, 61 
to ulcers 66 
to vagina 71 

preparation of solutions for, SO 
problem in, 65 

Xmtable tissue, response of, iw 
Imtabve effect of direct current, 24 
n Lata, 187 
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J 

Joule's Law, 34 

Joule’s Law, problem m\oIving, 37 
L 

Lag, angle of, 347 

Lamben’s Absorption Law, 134 

Lamp load tests, inadequacy of, 4S3 

Laryngeal muscles, par^ysis oi, 147 

Lapicque, 109 

law of decay, 184 

Lead, angle of, 336 

Leading current, 336 

LeaVy condenser, 420 

Leduc current, 107 

Lenzs Law, 329 

Lesions 

of lower motor neurons, object of 
treatment of, 142, 144 
of lower motor neurons, technic of 
treatment of 144 
of upper motor neurons, 151 
of upper motor neurons, object of 
treatment of, 152 

of upper motor neurons, technic of 
treatment of, 152 

Leukocyte count, effect of hyperpyrexia 

on, 700 

Light, dispersion of, 172 
Lmearly increasing currents, 119 
Lines of electnc force, pressure normal 
to, S7S 

Lines of electric force, tension in, S7S 
Liquefaction by direct cunent, 22 
Liquid, conduction in, 31 
Liver, temperature of, during hyper- 
pyrexia, 673 

Localized application of ultraviolet ra- 
diation, 301 
Logarithms, 745 
Loganthms, table of, 752 
Lower motor neurons, lesions of, 142 
Lumbar spine, temperature of, during 
hyperpyrexia, 678 

Luminous radiators, therapeutic value of, 
203 

Luminous radiation, temperature at van 
ous depths in tissue after madiatioii 
with, 209 

Lymph flow, cervical, 663 
Lymphocytes, effect of hyperpyrexia on, 
699 


M 

Magnetic field, 
about a coil, 323 
about a conductor, 324 
about a magnet, 316 
characteristics of, 576 
direction of, 325 

Maxillary antmro, ion transfer to, 74 
Maximum value of aUematmg current, 
319 

Maximum value of oscillatory current, 
370 

Ifttzda R~S sunlamp, 246 
Measurement of mtensity of radiation 
187 

Medical diathermy, deflmtion of, 4S9 
Medication, ionic, 19 
Mercury arc 
emission data on 
m Corex, 246 

spectral distribution of radiation from, 
252 

spectogram of, 242 
with emission type electrodes, 242 
Mercury glow discharge lamp (Cold 
Quarts), 248 

Methods of producmg byperpyrena, 655 
hlho, 31 
Microfarad, 335 
Micron, 170 
MOltnucTon, 170 
Mmunal eiythemal dose, 295 
Metals, reflection of mfrared radiation 
by, 177 

Metal beds and treatment tables, use of, 
490 

Metnc equivalents of wavelength units, 
170 

Mittiemann wattmeter, theory of, 463 
Afodufated alternating current for muKle 
stimulation, 133 
Molecular dipoles, 582 
Molecules, types of, 583 
Monocyfes, effort cl hyperpyuxia ob, 
699 

Mbnopofar technic for conventional dia 
thermy, 504 

Morton Smart apparatus, 165 
Motor point charts, 89 et seg 
Mucosal surfaces, ion transfer to, 69 
Muscle contraction 
at “make" of direct current, 131 
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Muscle contraction (contmoed) 
effect of polarity on, 28 
graduated electrical 165 
phases of, 112 

Muscle ercitability of Lucas and Rush 
ton 119 

Muscle fibrillation, 116 
Muscle stiHiulation 
/or fttoscalar atrophy, 158 
lor constipation, lS9 
for disorders of nervous system, 141 
for fractures, 155 
for hysterical paralysis, 167 
for pronated feet, 155 
for strains, sprains, and dislocations 
153 

with modulated alternating current, 
133 

Nfuscle stimulation by eleanc cuirefits 
ttpciiment, 135 

general considerations, lOJ, 124 
summary of, 124 
technic of, Ui 
types of apparatus for, 125 
Musdes capable of being electrKally 
stimulated, 103 

^fu5CIes, essential currents for stimula 
lion of, ISS 

Muscles, normal skeletal, stimulation of, 
109 

Muscles, normal skeletal currents for 
stimulation of, 126 
hfuscular atrophy, 158 
of disuse, 15S 
object of treatment of, 158 
resulting from fibrillation, 116 
technic of treatment of, 158 
^^usc^lar reactions to uniotemipted and 
interrupted surging direct current 
with alternate polarity, lyS 
Mutual inductance, 327 
Mutual inductance, equation for, 331 

N 

NaQ loss m hyperpyrexia 659 
NaCl solution, conductivity of, 4J5 
NaCl solution, resistivity of, at vanous 
temperatures, 4Q7 
Nares, ion transfer to, 77 
Nausea and vomiting in bypeipytwia, 
662 

Near infrared radiation, wavdengfh 
limits of, 196 


Negative direct current 4 
Negative vanation 104 
Nerves and muscles normal response of, 
to direct current, 84 
Nerves and muscles paralyzed reaction 
of, to direct current 86 
Nerves and muscles technic for testing, 
87 

Nerves and Djusefes, testing of, by direct 
current, 83 

Nerve muscle preparation, effect of elec- 
tric field on excitability of, 592 
Nerves, effect of electnc field on 593 
Nervous system disorders, muscle stimu 
lation in, I41 

Neuromuscular transmission 119 
Neuron lesions lower motor reaction to 
direct CUttent, Ss 
Nicol pnsm, 1S2 
Non electrolyte, 11 
Non inductive arcujl, power w, 344 
Non luminous radiators, 197 
Non pioltis miTogen and urea mtrogen 
of the blood, 710 

Non specific heating by short wave dia 
thermy, 567 

Normal polar formula for muscle 28 
Normal response of nerves and muscles 
to direct current, 84 
Normal skeletal muscle, current for 
stimulation of. 113 

Norma] skeletal muscle, frequency range 
of induced contraction cycle of, 114 
Nurses record for hyperpyrexia 643 

0 

Obliquity of radiation correction la ex 
posure time for, 193 
Obliquity of radiation, effect on mten 
sity, 191 
Ohm, 31 
Ohms Law, 32 

Ohms Law for alternatmg current nr 
cuil 321, 342 

Operation of high frequency generator 
518 

Optimal Dosage Technic for induction 
field, 541 

Oral temperature during hypwpyretia 
678 

Qsallatuig circuit, 364 

Osallatmg circuits typical 3S6 ei seq 
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(>>albting current, instantaneous value 
of, 367 
OsdtlaUon 
damped, 364 
frequency of, 366, 369 
undatnp^, 364 

Osallations, generation of eleclnc 3S1 
Osallator 
Colpitis, 338 
crj's^ cootroHed, 391 
Hartley, «enes 336 
Hartley, shunt feed, 387 
Meissner, 387 
push puU, 389 
spark gap, 373 
tuned gnd, 383 
tuned'gnd, tuned plate, 389 
tuned pbte, 386, 390 
«cuum tube, 376 
Osallator ctrowt, s-acuum tube 382 
OsaUator> current, effective value of 

369 

OsoUatory cuneat, maaimura value of, 

370 

OsesUatory discharge, m«tatitaaeous value 
of damped, 366 

P 

Pad electrodes for short wave diathermy, 
422, 507, 510 

Pancake coil for induction field applica 
Don, 423, 520 

Pancreatic «ecretion, effect of hypo- 
ihermy on, 743 

Pancreatic secretioD, effect of hyper 
pjTcna on, 742 

Parallel alternating current circuits, 350 
Parallel circuit, mipedance of, 353 
Parallel orcuit, resonance in 359 
Parallel circuit, solution of, 353 
Paralysis, hysterical, 167 
Paralysis of facial nerve, 348 
Paralj-sis of facial nerve, technic of treat 
ment of, 149 

Paralysis of laryngeal muscles, lethmc 
of treatment of, 147 
Paralyzed muKie 
all or none theory for, 121 
chronaxie of, 118 
cause of atrophy of, 115 
commonly employed currents for 
stira^ation of, 133 
current for stimulation of, 121 


Paralyzed mvscle (continued) 
decfropbysiology of, 335 
single stimulus of, 120 
stimulapoQ of, 335 
summation of stimuli m 121 
V ermiailar contraction of, 333 
Paralyzed nerves and muscles, reaction 
of, to direct current, 86 
Particles, diameter of various, 588 
PaDent 

care of, during hyperpyrexia, 643 
preparation of, for hyperpyrexia, 622 
sensitivity of, to ultraviolet. 292 
PaDeot’s power, 4S3 
Pearl chains, formation of, m electnc 
field, 589 

Penetration of ultraviolet radution, 253 
Peoeiration of infrared radiatioo, 205, 
206, 209, 230,222,254 
PenetraDoQ of thermogenic radiatioa, 
wavelength for maximum into tis> 
sue, 207 

PenetralioD of thermogenic radiation, 
temperature of radiator into maxS' 
mum 207 

P^meabdity, capillary, effect of direct 
current on, 28 

Permeability, eapHary, effect of hyper* 
pyrexia on, 663 

Pen^eraJ nerves, direct current for a- 
flammaUon of, 81 

Phantom load for measunog patient's 
power, 456 

Phantom rrpresenUng thigh, 470 
Phases of muscle contraction, 112 
Phosphorescent substances, 261 
Photochemistry, law of, 183 
PhotosensiUzation, 267 
Pl^sio of electnaty, references on, 486 
Piecodectnc effect, 394 
Pigmentation, production of, 275 
Pigmoits, reflection of infrared by, 177 
Planck’s Radiation Law, 201 
Plane*poIarized radiation, 182 
Plate and cuff application of conven- 
tional diathermy, 495 
Plate and cuff appbcation of shortwave 
diathermy, SOS, 514 

Plethysmogiaphic traangs during hyper- 
pyrexia, 715 
Point beating, 605 
by electnc field, 596 
by short wave diathermy, 566 
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Poise, S86 

Polar applications speafie, of direct 
current, 81 

Polar effects of surging interrupted direct 
current with constant polarity, 132 
Polar formula for muscle, normal, 28 
Polar formula for muscle, reversal of, 30 
Polar molecule, 574, 582 
Polanty effects of direct current on 
muscle contraction, 28 
Polanty, effect of change of 22 
Polanty, test for, 48 
Polarization 182 
by reflection, 182 
by transmission, 182 
of dielectnc, 578 
of light, 183 

Polymorphonuclears, effect of hyper- 
pyrexia on, 899 
Positive direct current, 4 
Power 

apparent, 347 
factor, 347 

m alternating current orcuits 321,343 
m alternating current circuit, equation 
for, 347 

in inductive (Srcuit 345 
la non inductive circuit, 344 
lamp load measurement of, 453 
required for short wave diathermy 
treatments, 459 
Power absorption 
by electrolyte m electnc fidd, 429 
by electrol^e for constant current, 428 
430 

by electrolyte for constant voltage. 
430, 432 

by patient, measurement of, 456 460 
conductivity of electrolyte for maxi 
mum, 433 

maximum, by electrolyte for constant 
current, 433 
measurement of, 451 
versus temperature nse in tissne, 461 
Power ou put, measurement of, 451 
Precautions m administering direct air 
rent treatment, 48 

Prescnption, general electrotherapcutic, 
47 

Pressure normal to lines of electnc force 
S75 

Pnsm dispersion of light by, 172 


Pronated feet, object of treatment of 

155 

Pronated feet, teebme of treatment of, 

156 

Prostate temperature elevation in by 
shortwave diathermy, 569 
Proton, effects of direct current on 19 
Proteia molecules 
frequency for onentahon of, 588 
onentation of, 589 
ndius of, 588 

Pulse rate acceleration, causes of, 671 
Pulse rate, effect of external heat on, 669 
Pulse rate, effect of internal heat on, 669 
Pulse volume changes, effmt of hyper- 
pyrexia 7 VS 

Q 

Quartz mercury vapor are 241 
Quartz, transmission of, 235 

R 

Radian measurement of angles, 317 
Radiant energy, transmission and absotp 
tion of 204 
Radiant heat, 175 
Radiation 

characteristic properties of, 175 
definiUoD of, 169 

effect of obliquity of, on intensity, 191 
frequncy of vibration 171 
mtensity of as a function of distance 
189 

invisible, 172 

measurement of intensity of 187 
reflection of, by different materials, 177 
spectrum 173 
tiseory nf, 169 
thermogenic, 187 
thermogenic definition of, 194 
thermogenic, effect on kinetic energy 
of molecules on absorption of, 194 
thermogenic, sources of, 196 
total intensity of, as function of tern 
perature of radiator, 200 
transmission and absorption of, 182 
transmission of, by water, tissues, and 
Coming No 254, 205 
vrioaty of in different media, 170 
vdoaty of propagation of 169 
visible, 171 
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Radiation (continued) 
visibJe tbennogenie, 196 
Radiator 
Black Body, 200 
hot body, 237 

luminous, therapeutic value of, 203 
non luminous, 197 

Radio Interference, suppression of, 393 
Radiometers, 18S 
nonselecUve, 183, 2S6 
selective, 188, 236 
Opes of, 287 

Rate of stimuli entering normal skeletal 
muscle, 209 
Reactance 

capaative, 333, 337 
equation for capaative, 337 
equation for mducUve, 331 
inductive, 324 

Reactances, inductive, in series 348 
Reaction of Degeneration, outline of 
procedure for determining, 96 
Reaction of Degenentioo, record form 
for test to determine, 97 
Reactions, summary of direct current, 38 
Reoproaty Law, Bunsen Roscoe, 187 
Recording thennometei, electric 676 
Rectal and txQlary temperature in hy 
perpyreua, 6S7 

Rectal temperature, importance of, 674 
Red blood ceils, effect of hyperpyrexia 
on, 699 
Reffection, VS 
angle of, 176 
diffuse, 176 
law of regular, 176 
of infrared radiation, 176 
of radiation by different materials, 177 
of ultraviolet radiation, 177 
regular, 176 
RefracUon, l78 
angle of, 278 
index of, 178 
indices of, 179 
law of, 178 
relative mdex of, 179 
Relaxation time, 587 
Relative beating by various sources of 
tbenoogenic radiapon, 207 
Repulsion of like charges, 18 
Resistance 

at vanous frequenaes of copper, lead, 
and isotonic solution, 403 


Resistance (continued) 
effect of frequency on, 403 
high frequeno, 402 
of dry skin 33 
of skin, 26 

of wet and penpinng skin, 33 
to flow of direct cunent 30 
unit of, 31 

Reristances m parallel, 35l 
Resistances m senes 343 
Resistivity of Nad solution at vanous 
temperatures, 407 

Resonance m parallel circuit, 3S9, 362 
Resonance in senes circmt 356, 353 
Resonant frequency, 357, 359 
Resonant frequency of cod, 415 
Response of imtable tissue, 109 
Restles^ess m hyperpyrexia, 645 
Reversed polar formula, 30 
Rbeobase 29, 109 

Rickets, navfJeagihs for treatment of, 
278 

Rock salt mdex of refraction of, for 
vanous wavelengths, 180 
Rules for administering direct current 
treatment 46 

S 

Saline solution la hyperpyrexia 646 
Saturation pomt, 377 
Scalar quantities, 339 
Scar tissue, ion transfer to recent, 61 
Schmitts Technic for Induction Field 
542 

Screening of diathermy apparatus, 393 
Sea water, transmission of radiation by, 
253 

Second degree erythemal dose, 295 
Secretion and flow of bile, effect of 
hyperpyrexia on, 735 
Sedative ^ect of direct current, 24, 26 
Sedatives in hyperpyrexia, 623 
Sedatives, use of, 733 
SelecUve beating 

by short wave diathermy, S60, 566 
effect of arculahon on, 560 
frequenaes claimed for, of different 
tissues, 563 

influence of temperature on optional 
frequency for, 561 
Sdf inductance, 329 
Self inductance, equations for, 330 
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Sensitivity of patient to ultraviolet ra- 
diation, 292 

Sensitivity to ultraviolet radiation, fac- 
tors affecting, 293 
Sensory effects of direct current, 24 
Senes alternating current circuits, 348 
Series alternating current circuit, vector 
diagram of, 340 
Senes circuit 

resistance, reactance, and impedance 
diagram of, 341 
resonance tn, 359 
vector diagram of, 340 
Shock (vascular collapse), 960 662 
Short wave diathermy (See also Dta- 
Ihermy, ihorl wove, Eleelrtc fidd, 
and Induction field), 509 
conclusions regarding electric effects of, 
90 

effect of, on blood and lymph flow, 

591 

effect of, on toxins, 607 
effect of on tumors, 605 
effects claimed for, 559 
electric effects of, S73 
frequencies claimed tor selective heat- 
ing of different tissues by, 563 
generator, thermal effectiveness of 4>8 
generators, <umtiiary of characteristics 
of, 431 

generators, su^ested method of test- 
ing, 431 

generaton, typical circuits of 397 
non specific heating by, 567 
point heating by, 566 
selective heaUng by, 560 
speafic bactencidal effects of, 602 
specific biologic effects of, 591 
temperature attained m thigh by, 564 
temperature elevation m eones of eye 
by, 570 

temperature elevation in matiDary an 
trum by, 570 

temperature elevation in prostate by, 
569 

temperature elevation m stomach by, 
571 

Single stimulus of normal skeletal mus- 
cles, 111 

Smgle stimulus of denervated muscle 120 
Sinuses ion transfer to, 69 


Sinusoidal altematmg current 108 123 
135,318 

average value of 321 
effective value of 320 
generation of, 316 
instantaneous value of, 319 
maximum value of, 319 
Skeletal muscles deprived of nerve sup- 
ply 

all or none theory for, 121 
chronaxie of, lis 
electrophysiology of, 115 
single stimulus of, 120 
slimidation of, 115 
summation of stimuli m, 121 
Skeletal muscles with mtact nerve supply 
all or none theory for, 112 
chronaxie of, 109 
cuntnU ior stimulation of, 126 
effect of single stimulus on 111 
eleclrophysiology of, 109 
frequency for stimulation of, 109 
rate of stimuli entering 109 
stimulation of, 109 
summation of stimuli, 112 
Skin 

absorption of infrared by, 206, 209, 
210, 222, 254 

absorption of ultraviolet by, 253 
and axillary temperature as function 
of rectal temperature, 680 
effect, 402 

effect of temperature of, on sweat 
glands 657 
resistance of, 26 
resistance of dry, 33 
spatial diagram of, 256 
structure of, 255 

traiamission and absorption of radia 
tion by, 254 

temperature of, and heart rate, 664 
temperature of, during hyperpyrexia 
678 

S Lamps, 246 

Slow smusoidal current, 13S 
Smooth (mvoluntary) muscle, stimula 
tion of, by electric current, 124 
Sodium bght, wavelength of 179 
Sedids, conduction in, 31 
Solutions, preparation of, for ion trans- 
fer, SO 

Solutions, viscosity of, 536 
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of direct current, 4 
of therrnogenic radiation 196 
of ultra\nolet radiation 237, 283 
of ultraviolet radiation for medical 
u<e, discussion of, ZSQ 
Space charge, S79 
Space charge eSecl, 376 
Specific applications of direct current, 49 
Speafic bactcnadal effects of short \iavc 
dialhermj, 602 

Spea&c biologic effects of short wave 
diathermy, 391 

Speafic gravity of blood, effect of hyper 
pyrexia on, 693 

Speafic polar applications of direct cur 
rent, 2} 

Spectral distribution, 283 
Spectral dislnbution of various sources 
of ultraviolet radiation, 286 
Spectral energy distribution curies of a 
Black Body, 202 

Spectral range of infrared radiatioo, 173 
Spectogram of radiation froco tpiartz 
mereuci arc, 242 
Spectrum, 17] 

Spectrum action curves for various bio 
logic effects, 282 
Spectrum electromagnetic, l73 
Spermatogeaesu, effect of hyperpyrexia 
on, 739 

Spirodietes, effect of hyperpyrexia on, 
724 

Sprains, 153 

Static characteristic, 380 
Stefan Boltzmann Law, 200 
Stimulation, cunent lor, of denervated 
muscle, 121 

SUmulalJon of muscles by electuc cur- 
rents, 103 

Store’s formula for frictional moment of 
a sphere, S86 

Stomach, temperature elevation in, hy 
short wave diathermy, 571 
Strains, sprains, dislocations, technic of 
treatment of, 154 
Strength-duration curve, 110 
Strength frequeno' function test, 119 
Subcutaneous tissue, temperature of, dur- 
ing hyperpyrexia, 678 
Sub-erytheiDal dose, 295 
Summation of Stimuli m normal dcdetal 
muscles, 112 
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Summation of stimuli m denerv ated mus- 
cle, 121 

Sunlamp, ilasda R-S , 246 
Sun 

blindness due to untraviolet, 177 
penetration of radiation from, into tis 
sue, 206 

radiation from, 339 
spectral energy distribution curve of, 
236 

Surface temperature, effect of, on blood 
flow, 215 

Surface temperature measurements, 673 
Surface tension, effect of electric field on 
600 

Surface tension of colloidaf solutions, 
lowering of, in electric field, 589 
Surgical diathermy, 489, SSO 
Surgical diathermy, use of duo terminal 
electrodes in, 554 
Surgical galvanism 16 
Surgical ionization, 21 
Surging interrupted direct current with 
alternate polanty, 132 
Surging interrupted direct current with 
constant polanty, polar effects of 
132 

Surging uninterrupted direct current with 
alternate polanty, surge frequency 
of, 135 

Surging uninterrupted direct current with 
constant polanty, polanty effects oi, 
134 

Susceptaoce, 352 

Sweat glands, effect of skin surface tem- 
perature on, 6S7 

Sweat output in hyperpjrezia 639 
Symbols for units of wavelength, 170 
Syphilis, hyperpyrexia, a means of treat 
mg, 673 

Syphilis, treatment of 676 

T 

Tan-produang radiation, 284 
Technic of hyperpyrexia, 619 
Tecbnic, *peafic applications of high fre- 
quency electnc field, 510 
Tedinic, speafic applications of high fre- 
quency induction field, S28 
Technic, specific pnnaples of, for con- 
ventional diathermy, 502 
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Technic of ultraviolet irradiation, 2S2 
fractional method 299 
general body, 29S 
progressive method, 299 
regional method 298 
special applications, 301 
Temperature 

at \anous tissue depths produced by 
infrared and luminous radiation 
209 

effect on acid base cquilibnum, 216 
effect on reaction velooty (Arrhenius’ 
equation), 633 

effect tm tissue melahobsTn, 217 
effect on vasomotor apparatus, 213 
effect on venous blood, 216 
for byperpyreaia, 641 
intragastnc, during hyperpyrexia, 674 
measurements of, during hyperpyrem, 
673 

normal gradient of 657, 63! 
norma] gradient of, reversal of, 6S7, 
659, 632 

of anterior urethea during hyperpy- 
rexia 679 

of body during hyperpyrexia com 
parative 678 

of cutcma magna during hypetpyitxia, 
679 

of patient ifl hyperpyrena, control of, 
641 

of radiating body, effect of, on total 
emission, 200 

of radiator, effect on wavelength of 
maximum intensity, 202 
of radiator for maximum penetration 
into tissue, 207 

of various tissues vanation in, dunng 
hyperpyrexia, 678 
rectal, importance of, 674 
nse, factors affectmg, 567 
nse in bone marrow by short wave 
diathermy, 568 

nse in tissue versus power absorbed, 
461 

nse of patient, overshooting of, m 
byperprema 641 

nse iierius absorption of heat, 194 
nse t erjur heat generation 567 
measurement of surface 673 
Tension in lints of dtctnc force, S7S 
Tetanic contractions surging, 165 
Tetaninng (faradic) current, 126 


Tctanuing (faradic) current response to 
85 

Theory of hyperpyrexia 6l7 
Therapeutic mfrared radiation 196 
Therapeutic value of luminous radiators 
203 

Thermal conductivity of tissue effect of 
vasculanty on 213 
Tfaenoal effectiveness of short wave dia 
thenny generator 453 
Thermogenic radiation, 187 
application of, 225 
caution in use of, 223 
definition of, 194 

effect on capiUaty pressure and fluid 
exchange, 215 

effect on kinetic energy of molecules of 
absorbing body of I94 
erpenment in, 227 
extent of wavelength of, 195 
physiologic effects of, 212 
sources of, in conusoa use 218 
sources of, 196 
summary of sources of 222 
visible, 196 

Tbennometer, recording electnc 676 
Thermostatic control of cabinet tempera 
turc, 635 

Third degree erythema! dose 295 
Time of relaxauon, 587 
Tissue 

effect of vasculanty on thermal con- 
ductivity, of, 213 
fluid loss, linut of safety of 663 
heat capacity of, 213 
metabohsiD, effect of temperature on, 
217 

temperature versus lamp load output 
455 

transmission of ultraviolet radiation 
by, 255 

ll&nes, elertncal tonstants of, 446 
Tissue (human cheek), transmission of 
radiation by 205 

Toleianw gauge for ultraviolet radia 
Uon 293 

Toxins effect of short wave diathermy 
on, 607 

Tv antwiiw nn and absorption of ultra 
violet radiation, 253 
Transmission and absorption of radia 
tios, 182 
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Ttznsmission 

of radiation by Coming glass, No ZS4, 
205 

of radiation by human cheek, 205 
of radiation by water, 205 
of vanoiis glasses, 260 
Transmission of ultraviolet through win- 
dow glass, 303 
Transmittance, 26S 

Transmitting ^ters for ultraviolet radia. 

Uon, 257 
TVeatment 

administration of, for hypnpytaoa, 
636 

bag fechmc for hyperpyrtxa, 627 
of untoward effects in hyperpyrexia, 
64fi 

tersunatiori of, la hyperpyrexia, 647 
Tngonometnc function of an angle, 754 
Tngonometnc functions, table of, 760 
Tnode, 378 

Ttibe characteristic curves, 276 
Tumors, effect of short wave diathenny 
OB, 60S 

Tungsten filament lamp 
clinical use of, 206 

fnteaiity of, for different watcages, 207 
peoetratioa of radiation from, into 
tissue, 206 

spectral energy distnbuUon curve of, 
203 

spectral energy distnbution curve of, 
after transmission through human 
cheek, 203 

type of radiation emitted by, for dif- 
ferent waltages, Z06 

U 

Ulcers, ion transfer to, 66 
Ultraviolet radiation 
absorption of, by comeum, 254 
absorption of, by window glass 303 
air disinfection by, 280 
artificial sources of, 237 
bactericidal effect of, 278 
best reflectors of, 177 
biologic effects of, 269 
comparison of vanous sources of, 251 
contraindications, 3oS 
catoum and phosj^orous metabolism, 
effect of, on, 273 
definition of, 175 


nitrairoSet radiation (continued) 
discovery of, 173 

cfetemiination of erythema time, 310 
dosage, 233 

dosage, degrees of eolhemal, 295 
erythema production by, 282 
erythema] unit of, 288, 290 
expenmeats m, 303 
exp»ute tune lot, 294 
effects of over-dosage with, 295 
Finsen unit of, 287 

fractional method of admimstenog, 
299 

genera] body irradiation with, 295 
geoeratJon of, 235 

Goeckerman's technic for administer 
mg, 301 

group irradiation with, 303 
hot body radiators as sources of, 237 
indications of excessive dosage, 295 
intensity of, in urban commnnKies 235 
intensity of, 285 
naUiral source of, 235 
optimal dosage of, for tetany, 29l 
ratient sensitivity to, 292 
penetration of, 254, 256 
progressive method of admisistenng, 
299 

of Userapeutic significance, 175 
reSection of, by water, sand, and 
snow, 177 
reflectors of, 177 

wgvonal method of adnunistetuig, 298 
sensitivity of patient to, 292 
S'Lamfs as sources of, 246 
sources of, 2SS 
special apphcations of, 301 
specinl range of biologically signifi- 
cant, 235 

subdivisions of, 283 
summary of established effects of, 281 
technic of application of, 282 
transmission and absorption of, 253 
tias^nission of, by tissues, 255 
transmission of, by water, 253 
transmitting filters for, 257 
transmitting wmdow glass for, 258 
tolerance gauge for, 293 
use of coal tat wi^, 301 
varzatioa m erytbemal response to, 312 
TJnchaiged and charged bodies, effects of 
electric field on, 580 
Undamped oscillation, 489 
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Units of wavelength, 170 
Upper motor neurons lesions of, ISt 
Urethra, antenor, temperature of, during 
hyperpyreaia, 679 
Urme output m hyperpyreaia, 661 

V 

Vacuum and non-vacuum electrodes, SOJ 
Vagina, ion transfer to, 71 
Value of electrical muscle stimulation, 
108 

Van Hoffs Law, 6&3 
Varicose ulcers, ion transfer to 66 
Vascular collapse (Shock), 660 662 
Vascular system, effect of, on equalizing 
body temperature, 213 
Vasoconstriction, 26 
Vasodilatational, 26 

Vasomotor apparatus, temperature effects 
on, 213 

Vasomotor effects of direct current, 26 
Vector diagram of senes arcuic, 340, 3SI 
Vector quantities, 339 
Veloaty 
gradient, S66 

of blood flow, effect of hyperpyrexia 
on, 718 

of radiation in different media 170 
Venous blood, temperature effects on 
216 

Vermicular contraction of denervated 
muscle, 133 

Vibration frequency of radiation, 171 
Viscosity 

coefficient for blood, 587 
effect of large solute molecules on of 
solutions, 587 
of oils, 587 
of solutions, 586 
of water, 587 
unit of, 586 

Visible radiation, 171, 196 
Visible radiation, effects of, 196 
Vomiting and nausea in biperpjrcria 
662 


w 

Wallenan degeneration 142 

Wan plate 128 

Water 

absorption of radatioa by 1S4 
and ice as reflectors of infrared radia- 
Uon, 177 

balance, effect of cstetnal and vnlMnat 
heat on, 659 

cell, use of, with thermogenic radiator, 
206 

electrolysis of, 7 
filter, advantage of 209 
filtn', effect of, on spectral energy dis 
tribution curve of tungsten fila 
ment lamp, 203 

percentage of body weight m, 661 
transmission of radiation by, 205 
transmission of ultraviolet radiation 
by, 253 

viscosity of, 567 

Wattless component of current 427 
Wave, electromagnetic, 169 
Wave generators, modern 131 
Wave relation, fundamental 170 
Wavelength 
definiuon of, 170 

of maximum erythemogenic effiaency 
288 

of maximum intensity 202 
units of 170 

Wavelengths, antagonism of different, 
275 

Weight loss in bypetpyrexia 660 
Whnl produced by direct current 28 
White cells, effect of hyperpyrexia on, 
699 

Wiens Displacement Law, 202, 207 
Window glass 

absorption of ultraviolet by, 308 
transmission of ultraviolet by, 308 
ultraviolet transmitting 253 
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Zoolite unit, 199 
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other rare earth type of elements in addition to carbon, the Thera 
peuttc C Carbon contains iron, aluminum, and nickel in addition 
to carbon and the Therapeutic E Carbon contains strontium The 
so called Sunshine carbon was designed to produce radiation of 
the type that is present m sunshine, the Therapeutic C carbon to 
produce a maximum amount of radiation in the spectral zone, 2D00 
A U to 3200 A U and the Therapeutic E carbon to produce 
maximum amounts of radiation in the zone 7000 A U to 10,000 
A U the zone of penetrating thermogenic radiation 

The Sunshine carbon arc lamp is used as a sun lamp m an en 
deavor to provide solar type of radiation to indoor workers of 
urban communities during those months that sunshine contains 
but a negligible amount of biologically important radiation of 
wavelength less than 3200 A U The Therapeutic C carbon arc 
IS used for the production of therapeutic intensities of radiation 
m the zone 2000 A U to 3200 A U The Therapeutic B carbon 
arc IS used where heat is particularly indicated, the relatively 
low output of rays of 3200 A U to 2000 A V making possible 
the relatively long exposures required for obtaining the desired 
thermogenic effect of the radiation m the zone 7000 A U to 10 000 
A U An example of the proper use of such a lamp would be in 
the treatment of such conditions as arthritis 
The carbon arc lamp equipped with Sunshine carbons is fre 
quenlly referred to as an artihaal source having a qualitative 
radiation output that most nearly approaches natural sunlight, 
but a comparison of the spectral distribution curve of this arc 
as well as those of the ‘ C ' carbon arc and the “E’ carbon arc, 
Fig 79, with the spectral energy distribution curve of the sun, 
Fig 78 will convince one of the vast difference existing between 
, the radiation from the sun and that from such carbon arcs All 
carbon arcs emit the characteristic radiation of carbon, as well 
as that of the metals with which the carbon electrode may be 
impregnated Such characteristic radiation lies in the near ultra 
violet zone from approximately 3500 A U to 4000 A U , a zone 
which has not been established as having any desired therapeutic 
effects This band of radiation, due to airbon, is known as the 
Cyanogen band 
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b. Mercury Vapor Arcs A highly efficient and widely used 
source of ultraviolet radiation is the mercury vapor arc. The 
mercury must of course be confined within a tube or burner, either 
of fused quartz or other material, having a high transmission for 
ultraviolet radiation of therapeutic value. The radiation from this 
arc, maintained in the mercury v'apor under relatively high pres- 
sure as compared with the pressure of the glow type of mercury 
vapor lamp, is the characteristic mercury spectrum under such 
conditions of operation It consists of a series of strong emission 
lines Yiith a relatively high percentage of its radiation output in 
the zone of interest to those employing ultraviolet radiation for 
therapeutic purposes, namely, the zone 2000 A.U. to 3200 A U. 

(1) Fused-Q»ari 2 Mercury Arc Lamp. The mercury arc in a 
fused quartz envelope, with a liquid mercury cathode, is well 
known to the medical profession Most of such lamps are neces- 
sarily direct current devices Recently, alternating current fused- 
quartz mercury arc lamps have been developed, of which there 
are two types; one utilizing two oiide-coaled tungsten cathodes; 
and the other, three pure tungsten electrodes, one of them a 
starting electrode Both lamps combine high efficiency, long life, 
stability, and reViabtlUy of operation. The new lamps are essen- 
tially straight lengths of fused-quartz tubing, approtimately 
^ inch in dlsmeter and 6 inches Jong, containing a caTefdiiy 
measured quantity of mercury and small amounts of rare gases 
to initiate the discharge 

These new lamps have a definite advantage over the older 
liquid-mercury cathode type. In using the older lamp, it is neces- 
sary to tilt the lamp to initiate the discharge, and it could be 
operated only in a specified position, or burning angle. The new 
lamps are automatic in starting, and can be burned horizontally, 
vertically, or at any desired angle. In about 3 to 4 minutes after 
starting, when all the mercury is in the vapor form, the final and 
stable operating condition is reached. After stabilization, the 
mercury is completely vaporized at a pressure of }i to I atmos- 
phere. The voltage across the arc remains stable from this 
point on. 

In the case of the lamp with oxide coated electrodes, the emis- 



